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SECTICK 1
ARSTRACT
(C) Studies of the preparation and prcoperties of AlHs-1351

PRy P el oy -

have contimed. Magnesium Mhas been !ncorporated into product
zade by the contimuous crystallization tecanigue; 1mproved thermal
stabllity 1s observed in product from the larger unit. Flame
photometry 13 used to determine the ejulvalence pe¢int of the
AlCl4-L1Al1H, resction for aliumimm nydr-ide synthesis. Teflon FPEP
showed oxcellent promise In the latoratory as a material of con-
struction ror alumim= hydride cry3tailization, but adhesion of
product still remained a preolem in a G-gallon erystallizer made
from PEP stock items. ticture gtudles of AlEs-1351 indicate

the decomposition mechanism {nvolves loss of gurface hydrogen

ard formution of alim!im=m ruclel and anion vacancles. Density
peasurements of contimious and bateh magnesium-doped AlHy-1551
show that magnesi= forms a sibkstitutional solid solution. The
degree of improvement Iin thermal stadility of “aged”, magnesium-
dope? datch samples of AlEa-1<51 cormrla%es wita the initial
gassing observed 2uring tes:ing at ©0°C. Water, 1dentified as a
=alor comporent of the gas, plays a maJor role 1in the aging pro-
cess. Heat treatment has lacreased the stabllity of some AlHg-
1551 samples; storing under hydrogen pessure @as not. The
decoupositior. rate cf stamard AlH,y- 1351 1n double base propellant
at 25°C. be:zawme constant a: C.11% per year, reqairing 5CC days

to reach 0.3%% decomposition; at 30° C 1t reached 0%9‘ decom- J
pesiticn in 371 days. Dcoudbla taee prmoped ‘.a':t contalining mag-

nesium-doped, in situ DPA-treated Al& 1351 shows a twofold I
irproveaent In stabllity over standarc hy2ride at both 25 and
wO'C. Magnesita-dcped, in situ DPA-treated, and magnesium-doped,
“aged"” AlH3-135]1 are rsaa-abI statle at 60°C. Prcpellant con-
taining “aged”, magnesium-dcped AlH3-1251 3ccoxposed 0.73% after
243 days. lhg'zesl.m-doped in situ DFA-treated AlHy-1%251 in
double base propellant reached IF decomposition in 173 days; in
composite propellant 1t reached C.C<%¥ deccmrositicn in 91 days.

=
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SECTION II
SUHMMARY

(C} S:udiess on the pre;-arati:n and properties of lrprcved
AlE5-1-5 continued hrough 1700. Magnesii= concentiraticn: up
T 2 wi. % were incorporated in:to product made by the lateratory
continuous process, tut arn increase in stabllity comparatle o
trat of taich =material «as not reallzed. A study cf a ma=nern ¢
process varlatles resulted in nc izprovement in stability. Stuilss
o unders:and the =2charnise Tty which =2znesicm stak:il zes AlHa-1-%50
ard to deter=ine the dlfferences in zorgholcgy of the hydr-ide crys-
z2ls continu=4d.

% ke con:in ouz crystalllizer has con-~ernirate?d o~
l.‘ statillzy, elli=lracl or rvduclirg rrcduct adne-
sio:, a..d co"po:"a:'.::: magnasiuz into the cryszal latiice cf AlH.-
=5 e conliticons requlired for direct nucleatiosn of AlE.-1t50

L

> -
‘ng the "therral 3eealrg” techrnique have been rmcre clearly defli-=3
3 nigher fe=d rates (2 =ol2s of AlEj hr.) have teern zaccess?! il

Trree types of jec:z:p;s'.tion have teen recogrized, (7o ~-
Tz ther~a. sen :

¢

et b
Y
[4

oS
%

S5 1y of the =azer®il ard the ciner ~«a> °»
presencs of & .;.'.'.:es. Techniques have teen developed 2
ectively control the rate of Zdecospeositicn in the crysta
periosds up to 17 hours.
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LiVg(Ai1He. 3 38 = doping agen-.
corncen ticns of lithiu= alxin rydride and ;::..1;::
. the ed soluticn prevented the precipitation of the
3;ent at nuc.eatlion when the ether concentration 13 low.
corncentrations greater thar cone percent were ottalned ard
act all, sasplzs showed Icprovesent Iin stabllity; ore, -°
1.103 =agriesi=, required 2: days o reach _¥ deccopositic.
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(G Polyperflucrcethy.eneprcpylene (FEP) showed exce.
prozise as a materla. of cornstructicon in the laderstory.
~uns =ade in the aboratery 3-llter FEP crystalllizer . do-
variesy cf condlitizn3 resulted In excellent riucleatics i £
git.e adresion and decorpositice of preoduct. Less cleam-up T
=2nt tetwesn runs without 11253 o7 produdt Qquallity was al:l po
with the PFEP-lined vessel.

WY et

x

s ovm g

o

{C) Successfu. use of PEP In the latoratory led o n2 fatr!
catizn of 2 C—ga-.on FEP-1:ned crystallizer. Acdheslic~ repal-23 i
protlea in the larger sca.e unit, btu the product adher=d In in
for= a2f "shects® of AlHEs-1451 c.ystals which "flaxe® after a period
of tine. This a3y te due o crystallizer design, agitatior, or
so=e Oother system paraneler.

- - -
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(C) Laboratory contiruous crystallization rurs with polytetra-
fluorvethylene (Teflon TFE, lined vesse.s inalcated that AlEs-

1351 adrered only to surfaces through which heat was applied. A
single run in a pyrex vessel showed the saxze effect when heat was
lled ty means 0. a 400-watt Clc-Juartz pencill-type icmersicn
heater and the tath tesperature .owered Irc= 100°C. to 35°C. The

result was ail AlH3-1%51 with nc sticging on the sldes of the
Jyrex flasx.

(7)) The optimz condltlons required for nucleatfon of AlHs-
1351 ard for the growth of good crystals are ccnsiderably different.
It has been pioposed trhat these two 3tages be separated and that a
contiruours exterra. nucleator te used * > 3upply AlHs-1%1 nuciel
T a continuous crystaliizer unit cperzted at optim= crystallizing
conditions. Preli=irnary, small-sca.e .aboratory worxk with this
concept nas shown encouraging results.

(C) Plame photometry has teen used 0 determ=ine the stoichlo-
zetric equivalence polint of the al=inum chlioride-lithiunm alu=inum
Xydride reaction, and to determ=ine tne amount of excess lithiun
agliw=inus hydride in alwminum hydride soluticnma. The possibliilty
of deter=iring elezents cther than litaium was Investlgated ty
stanning the flame tetwezn 3200 and 3000 A. Only soiium was
detectable, if toron anj,/or zagnesiu= are to te determined, 1t
will be necessary to hrdrolyze trne sa=ple arnd obtaln the emission
specirm ¢f an agueous solution.

(e tmuctumal studles of AlHa-1451 irdicate that Ui decom-
positicn mechanisz Invclves the 1238 of surfase hydrogen =:rnd the
for=ation 27 al.zmin= rucle! and anlcr vocaci=3. It 1s telieved

that decozposition is initiated at the surfacc cf tnhe crystals,
and that, by understanding the secnanisz Involved, 1t snould be
possidble to significantly reduce the rate <f decocposition of the

hydride.

(C; The incorporation of magresiur in%o the crystal lattice
0f AlHy-135! great.y Iincreases the Therma. stabllity of batch
=aterial, btul 1t has beer showr Ly recernt work wita the cortinucus
crystallizer that the stablillizatlon cf the hyd-ide bty this eethod
is not a siwxple process.

(C) Density mearurements of alilx=inum hydride-1251 ottained from
tatch and cortinuous methods I1ndicate the zazmesium-doped lattice
represents a sukbstitutlional 30114 soluticn phase. Other factors
must be responsitle for the varlation 1n 3tatllity exhidtited by
magnesiu=-doped samgles.

(C) Racrocrystalline AlHj;-1351, surface-treated with dipheryl-
acetylene (DPA), showed a twnfold irprovement in stabllity, while
cagnesiun-doped =aterial treated in the same marmer showed a four-
fold increase. The optimun corncezntration of the DPA wash solution
was estadlished as 2-5 g. DPA/250 nl. of tenzerne; staoliity was
significantly increased bty the in situ treatz=ent with the DPA wash
solutlon.

-3-
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C) Thre adove coating technigue d1id not deposit a sufficlent
amount cf DPA cn the surface c¢f Alds-1351 prepared by the continucus
preocess. 2Ry ualng an evaporatlicn technigue, whereby a known
amcunt of ZFA in an ether sciutficn was drled on the prcduct, con-
wrciled amcunts of DPA were deposited on the surface.

(C) The mechanism of CPA s:atilization of AlH;-1%51 was in-

vest!igated. It was shown that nc In'llal cheulcal reaction be-
vaeen ~he hydride and DFA zccuirred, since Z5% or more of the LFA

deposiied by <he treatment waz removed by a singie wash and it
=

2
w¥asz concluded *hat a weadk elecironic couple 1s formed between ZPA
ami AlHa-1-3!; maxizm s:5rilizazicn thug regulires a very Iintimate
ccntact besween the TA anc the hydride gzurface.

(2, A s2reening progmac of acetylene derivatives and ccopounds
zontatnlng cre o acre rheryl grcups was carrled cut. HMost o the
co=poinis demonstratsd some stabtlllicoing effect, dut none exceeded
the sear!lizing effect o lengithening of the !nduction perind cf
CrA.

1Y Studles .. male stand ar2 characterize the
Tagtng” prenceenca, whi:tn ! larly cnamacteristic of
mAlneEl i S ped hgdinlisz g exnidized az =u:zh as a seven-
91 l=praonicme ) ZE | HE 2EE ! 3torage. The increase In
statlllcy was preporticmal . nezim concentration, with
ccncenzratizcn greeter <han 1.C¥ necessary focr large improvenments
in 2zat d ) Vel

(2} 3a=ples whi! % ser- re=:zved frca -15°7. sicrage and allowed
=2 32313 a3t awtlers temrpsratlr: Tor Tour S4ys sncw-3 a consllerahls
dec~~asze In !nltlal £a:3ing ars a sorresponaing loss of stabillcy.
Bea: =rea‘*mens 3¢ Tag:3d”, magnssium-dcp<3 al'=!inum hyaride-1351
Froved sllzntly btens2tzi3l In l=proving stabllicy.

iC' The ==all p=cun: of !ni*1al rap!d gassing evolveld from
'age: » magreslim-deops? za~yles ax Y.*Z. waz found To0 ccrrelate
~ougnly with *he !mprov-2<nt In tner=al stabllizy. Analysis of the
T2 he water vepor. which appears

523 showed the ma>r constlizusens

o te play'ng a major ~cle 12 th: Taging snirz3. The type cf sur~-
face strutture fer=-2 w!lth wazter In -omabimatlon with megnesium-cdoped
AlZ1-1251 muss deter=mioe tne sfp=2ific condl-ion3s npecessary for maxli-
T tenrlitT Yty wator treatnont of a2 hyidride.

r Technlgiss for azce kratlinz the Tazing” of magneslum-
2oped AlH,-135]1 were Invesztigatsd. waier mas frozen onts the
sumTaze of <he hyzertde 3+ -120°C. and allowsd 0 stand at rcoa
terperatire before heating 3t 07, TCY, 60°, 0° and <0°C. The
zav™rle heat tregted 3t 2L C. exhibites thx w3t fniltlal gassing
and !ncm-asze 1n =tatllily requlring over 'wie ax long t2 rea:zn
1% decoposition as the siandars.
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(C) Racrocrystalline, =zagnesiux -ioped and =agresium-doped,
DPA-treated AlY3-1551 showed no increase !n trer=al statility
wren stored inder 7,522 psi of hydrogen at amtlent temperature
for five months,

(U) Cjcling the temperature tetween 72°C. and ¢2°C. produced
ape:ox...a:ely %im same decompu3itinn cuarve as that ortalned at
C. under !sothermal conditions.

(U) d1¢t2onal ref'nexent of the alrinum cesterizc-1351
Structure was acnleved Jduring the past year.

(G) 7ne lorg-term surve!llance 37 alm!nm hyZir-ide stcored
reat an@ 'n propellant formilatisns at -2%7., amblent temperature,
and -15°C. contiried. Trese stol'es snowed that significant
a=ounts o7 decorfositisn of =macrocrystal.ine A d3-1151 occ irred
after three =ontns' storage at ~-°2. The stacllizy of macrocrys-
talline samples 3.5z ste3illy ZJecrezsz=d In propertion 0 storage
t¥=e a% 2I°C. !3;:95-,.-c3pej samp
Fiite

iec Jd2greiased (nltilally in
stability, tut reach:d 2 i, Ln2izacting tney =3y ce anler-

galng an accelerazed Taging”.

(C) Sa=gles s5%ored 3t 2-czlent temperiture 3 3prroximately

<wo years ﬁa"e decoz=pesed Leszs t-3n ¥, while trose 3tomed at

-13°C. Ritlt no decompositian. Fecent 233 Irdicate that macro-
crystal 1 rie hydride 13 =ich 0™ s-akle a° lower te=mperatures than
TLoi=a il preg iz ned,

(C) & standard macroorystalline AL-3-1831 =za-ple In Joutl
taze propellant reacred .33 zecozpositicn In (& ocays at 25°C.
after tne first 117 d2ys tne 3decompositior rate Jecreasel arnd re-
zalned corstant 3t J.1l¥ per yesar. Trne sate sa=ple reacned 1.5%
decompcsition in ~7) days 3% -l

\C Sanmples o7 d-url: taze propsliant contalnirg iTproved
cagrestiz 2oped anc =agresiuat-3ceed, ln 8l ZfA-tr=5%ted alimine
~yiride- 1#5‘ s*ow approxt-ately a wwal:13 I-zr~ovecent In statility
over =rardard nydride at 2%, 33 - T, N5 Zecrease 1o jecom-
POSition rate SCCLrrsl wits a S.rTate nyIrs.yTes sa=gle at ~U .,
isdicating tne s-ac! ’gz g €7%<2% 0f %re d3.:le faze propellant

was neffective at -7,

() The slower decs=pasitian rates of Al=.-1-%1 !n coutle
tase propellant appear 3 L2 -2 res.it o in :lt. resctlon of
trhe hydride with nitric ox'de 1ar=ed i= tne cecoepasition >f the

propeilant

. (e) Hagnes:;:-dapedz Situ ZPA-‘reateld ans magnesia-doped,
aged 23lz!inum nydride-:i3Sl 3w rerarkatle starlility i both
doutle basge and somposite propelisznt at 0.%I., rangling froz 3 two-

fold to nearly 3 tenfold izprovement over standard alaminunm hydride-

1481, The =ost siatle saz=ple contalns "aged”, magnes!.—-d-ped
Alid4-1521, derowposing only 5.75%F afzer 243 days. A sixiliar

5.
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Stabllity 1s shown in two magnesium-dored in situ DPA-treated
AlH5-1351 propellant suzmples. One reached i% decomposition after
175 days in dsuble base propellant and the other reached C.8%%
decomposition in 51 days in composite propellant.

(C) controlled quantities of water 2dded to an AlH3-1351
propellant mix appear tu have a very significant stabilizing
effect. AlHs-1421 double base propellant mix to which 0.25% and
0.5% water was added decomposed only 0.53% axd 0.36% respectively
In 31 days at 63°C.

{C) A sirgle experimen: to deterr..ne the diffusion rate of
hydrogen through double base propellant using radloactive tritim

g3ave a value o D = 3.85 x 12 * ca.?/hr. at 25°C. and one ato-
Spnere pressure.
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SECTIN III

(C) TECINICAL RESTIIZS 2ND DISCUSSIN

(C) BRBosearch during 1366 has teen cconcernctrated on =axing

tmproved al.x=!in. nydride-liSl ty the cintinuiois crystallization
process. ZEZvery phase 25f tni3 work has bhren tacked Zp ty laborma-
tory stxdles 'o fins trhe best possitle tachnizues ard cornditlions
for .nc"eas ng both the guallty 2nd yleld of prodict. A betler
arderszanding of the Zdecomposition =mecranism n33 teen zttalned
and statlllizers which =arkedly Increase AlH,-1-51 3tabtlilicty rave
been discovered. lLong term sarvelllance s3tudles 57 AlHy-1-Z1
3a=ples nave continced and the statlillity of progpellant sa=mples
containing !'=proved AlH53-13581 Ras teern determined.

A. FUNDAMEXTAL CRYSTALLIZATION STUDIES “P ALUMINTM KYDRICE (U)

() Research !n the crystallization area during 1950 was
criented toward developing 23n optizz Systen for the direct crys-
2all'zation of AiH3-1~%1. It 'z expected tnat 3 product S0 ob- 3
ta’ned willl possess iz=proved prhysical and che=ica. prorertles.

1. Latormatory St.dy of Variatles Affecting Crystalliration and

{C) Research effrts 2uring the p3ST jeir have lsen concen-

- LT tec IR SEVeLIPLIRE 2 TegiRnl 142 HOr AncorpoTiting ZEgRess L= IR
the hydride lattice 2:zing the continuoas corystallizat’on technlguie,
sard on elicidating the process parzmecers whicn affect rnacleatlion,

] grouth, rrodact 3dhesion, 2nd stabllity 22 crystalline AlH,-1:51.

a. Magnesizs Incorporation 73 the Tzntinlous Process  (U)

Ss” srowed that tre
= into AlH4-1351

nd a sukstan<!al in-
e

(C) Previois work ising =r< “zat
incorporation of small percentages of
causes an exp2nzion 57 the nyidride Iatii
crease in 1ts thermal stakillity. A 2 increase in sta-
hility due 5 the !ncorporation of =a 1:: was sougnt for =mate-
ri3l =ade bty the continious crystallization process. Ini-tal
wri, however, !ndicaced :ha: differences tetwecen the twd processes
exizted, and protle=s s.ch as Righ chliorile coﬁcen:'atians, prase
protle=s, anrd a redaction !n crystallinity wolld regulre further
stady before maxiz=om tenefllt froT —magresluam couald be reallzed for
the cuntinuois process.

(1) A3dit.or Sf Pagmesiim Chloride (U)

(c) Arhyocus magneslaz chloride, whicn had teer used
Sicemafiily in the "hateh process”, falled to produce satlisfactory
rosults w:en used In tne “corctinuois” process. When 1t was added

toa solutlion of lith!i= alux=inu=e hydride prior to almini= chlaoride

. e
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addi~ion, ro significanrt a=oant of =agnesliaa was incorporated
into the hydride lattice. By crangirg the procedure ard 3ijding
Tagresziia chioride o 2 feed solutlion of complex hydrides having
a =ole ratio o2 1 LiAIHg:~> AlH,:1 LiSH, In 3 binary 3olvert con-
5 ether and "2f tenzene, magnesium was !ncorporated

tre hydride latzice. However, the 1ithlu= chlor!ide r::::'e:::
2% *he =aterial prodiced ty thls technlgue !ncreased 5 [.3-I.%%

re higher corcentratisna of lilthliom aluminem h;.'dr:‘. sUokol
ithiiz borohydride *eq;.'.r“d by this method were uniesi=3tle 'n
tre continious crystallization process.

(2) Etner-Solible Magres!i.a Compound (u)

(C) Trese results !ndicated that 23 more deslmacle —ag-
rnesli.a compound would te ore x.*.".c.*: w3as ether-solatle ard contzined
%9 char -..e I [DHzen e ements whi wo.ll Interfere witt <tne in-
S Srpomalt Yo Hf Tagmelsy & Inty the AJ{ -1-S1 lattlce.

(3) RPezcu'lon Produict 2f Lithiis Alimins Eydride and 2

Jrirard mezgent (J)

(©) An 2tzezp: was =ade to prepare an ether-3d.icle
=2 alelT 1M @OEpIIERd By meEeR Ing 3 GRiErand) meapest wlug 1ol =
i B2 = hpEnidep Nt was) Fepzleed] TRAT A SomtoanE LR 5| Segenalk
Strictire of AMgAlHg wo1ld te ohtalned. Aprroximately Z5¥ o7
crme Ithl = gl mfn o, krdride Solatlon was added o the Grigrmand
ROEgenY Helfore prec ipltstion scelimmed, 22d Lpan completlan SN wne
reanenall fe | Vo el [E5de 8 te £5 SISoR] ST S = ol ceblestiER 2 B S 5
lithizm chlorids was recovered. ThIs salatlion, wnz2n 3cded %) an
3li=in = nydride feed solatlon, delayed nicleaticn, 2r23%:sd prnase
Frotlens, =nd prod.aced macerial of pocr cerystasiinity.

(2) Lisr!xn Magmesium Al=in.m Hydride (U)

{(J) Tre reaction tetween magnesimm chlorize znd [lowt =
ali=ing hydride was originally telleved to prztesl as followz:
>

2 LiAlE, + MgCl, =BT o Mz(AlHg)a - 2 LiCl.
with the res.ilting nagres! slaminm hydride producing tne in-
¢creasad stablifty cuaarved in the "ha:ch” prococs latoratcry
27udies shrowad, ..ouever. tr3at the above reactlorn proceeded ta
only "CLDF cozpletion wher 3 Z5% excess of lithii= 3al.zin.z
hylride was .sed, and while trhe soluble chlorlde concentration
TAmEeE T .:.s;a‘.l)' renialined telow 3 =ole ratio 22 1 Cl:1 Yg.
Zirvher axperizer.:s showed *hat the chloricde carx:e:tra::::rs L)y
the atove etrer 353litions could te decreased approxi=ately =M
>

Ly tx~eat*.- 1t with s3od!im borohyidride. Sodixz aluimine !-"dr::e
w23 even =ore effectlive, red.cing chloride concerntratisns to
levels whick can be tolerated (0.01 H). It !t necessary, rowever,
wren tre3ting tne solutlons with sodim aluminm hydricde. to keep
trhe =agnesl.m concentration telow 0.2 K to preven: e pradx:
from preclipitating.

8-
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(U) The excess corcentration of lithium aiuminum hydr-id-
also varled, depending upon the degree of completion of the —eas-
tion, and w$as usially greater thar a —ole ratins of 1 Li:1 Hg.
This exces3 lithi.m c2uld not te rezoveld Irom soldtlon by reac-
tion with alx=inia chloride, Indicating that 1t was present ac
part of a discrete chemical cozmpound other than lithizs aluminum
hydriZe. Removal of ether from the solution ylelded a sing.e
crystallire phase In the form of clear, !‘rregular plates, uvi3ually
clastered together., Elemental 2nalys!s Sippor:s the formul:z
¥ (AlH ). The novel X-ray diffractiscn poeder data giving the
"d” distances arnd relative 'nten3itles are srown 'n Tatle I. The
infrared abtsorpiisn spectr= of <he new phase comr=Ted with the
spectra ottiined Im™oo nagnesi— alminaa hydrice ara lithiaa alu-
znin= hydride is shown in Pigure 1.

Tatle I
(U) X-Pay Powder D!f%rac*!on Za‘*a
for Lithi = 'Magresl = A.c=inunriride
A4 1T, 4 /T, d I/1, 4 1/1;

7.0 15 2.50 X Gk 20 1.537 3
5.3 20 2.:8 £ i) 8 1831 2
g3 0 2.sl x5 1.73 3 1.320 2
.1 50 2.2 - 1.6 iz 1.238 2
3.3¢ 80 2.25 15 1T 3 1.375 5
.72 30 a. 2 1.63 3 1.350 2
3.20 <0 2.26 5 1.ET ;) 1.235 <
3.53 10C c.22 15 1.6+ 6 5815 5
3.20 30 2.19 i3 1.3 > 1255 5
3.2% 50 2.09 30 1.:60 8 }.2%C 3
3.08 £0 2.03 10 1.58 6 1.195 2
2.78 20 2.01 20 1.56 2 1.11% 2
2.73 13 1.99 5 I =0 15 1.105 2
2.58 50 1.96 15 1.367 1 1.091 3
2.6~ 6 1.31 6

(C) Magnes!u= can be !ncorporated Iinto the crystsl lat-
tice of AlH4,3-1351 through the ave 52 LiMg(Ald,)s solutions. BHow-
ever, the use of these sslutlors prodiaces some difficulties with
nuacleation and crystal growth, especiilly when concentrations of
magnesicm greater than 1¥ are Incorporated into the hydride lat-
tice. The3e protle=s can be resolved bty the use of higher concen-
trations of lithium alumiria hydride and lithium btorohydride in
the crystallizing solation. Usirg this technigue, a maximun

i
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concentration of 2.2 wt. ¥ cagnesisz has been Incorporated into
the hydride lattire vi2 the continious process. Hligher concentrs-
tions cf *re coaplex hyd -des, 1T el a=Napi=l 0l B ydr:de angd Lthda

borohydrile, agparer 502 J*ility DU B AR iy

ty
3
4
¢4
t
LR AN
R
(]

R .

=igmesim al lrau,:r:de, preventing 1ws grec! pi:at:an as LiMz(AlH,)>
iring crystalllzation, tat they 2alss calgse =ore agglomeratlion and
pro2act 3d3nesion o tnme walls o7 the vessel during crystallizatlon.

(c) Zitrhf:= ¥zzesiim Joronviride (7)

(Z) Zithi.= =agnesiiz borohyidride, Li¥z(XEe)s, was pre-
rared for the purtose of examining {73 .se as an 3ltertate =ate-
SURE ok rhul L clmERpRE o JIF Saamels s Iniws) 2ma mydiet de pZaliYice
This borohy3side complex is —mich =ore sSoluble than LiMs(AlHE)s
!n the ether-benzens Solvent Iyste=. Howaver, the presexce o0
Tt Al smlines | PhgSiStical e ihel e ST a LAt i r s SRR sTlonl AEpeaRs X9
ca.se an €xXcrange r<actiorn, 25 shoam telow,

Tevg(32y)s + 3 LUAIE, — TtMc(AlBe)s < 3 Loz,

I okiseirves 2iping Cigys-
=agresliz=m Ine
2 o

=
™™CESS 18 not
vam=d

b, S=<abillcty Staifes of Magmesioz—dored Al minis Hydride-130]
rrocacel by tne _3%0ratory Continlidls rraxcess ¥etrod (C)
(C) The soluitle =zgmestiizm solutfons ised for the continud:is
PIroCe3s Can Le W3¢l for lie Lale: procsss, and ine resyiling
prodact exhiitits the 523l Increzse 'n o thermal statlillicy., Hau-
ever, laboratory sa=gples prepared viz tnme continuous process wi
caxzparatle a=oints of =agnz2si T n3ve nOT generally shown so s.g-
rEZNclamt Bn f=pnaTa=angl, TEe TofiSipn Son Tols U8 not fully snden- ]
s:00d at present, 3ltroigh previsis exrerlernce ind!icates that
wER cheriinLed 2fSory dRld chnAR 1on [cEn e commecitied o THE YatoR-
3Ty continiass progesis 43 similsr %3 tH¥at 2s5ed Yn some ezxlier
Zow work In which the fexd o the cryatalllizer contalned relatively
1SS I=mIERTE OF LlUSLis 3fisin :}iride arld | ko Nopanidnide .
In =his st.dy, Inftlal diffilcaliles were 23lss; encoantered, bas
SORRERREL R =axreSk =y wals 1ﬁc3-po"'._d 'nto ALEa-1831 ard an in-
crease In statllity was acileved. ,
(C) Iz appears that zinor~ 3ifferanmes in process tecnnljies '
c2n be responsitle for zignificant di!fferences !n proldxt sta-
Tlllty where magnelim Incorpormatlion !s nvolved., Efforms o i
=23177 procedires and obt2in ocre siakle _a't-‘a’ >3 the larger ‘
sSCcal2 contininas process have rasulteld 'n veral runs which show .
th3t ar !=provement In s:atillty !s be'ng —ealzzed. !

le=ental analyses of l1aboratory sz=ples show 3 magnesium
ton ap 0 2 wt. ¥, snd X-ray d1ffractlon sShows iie

1K)
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characterlitic lattice z.xparsian. Trese sata 'ndicate hat the

.nca"pora-lo': of magnesim into the crystal lattice !s sinmilar
foar both processes. The difference in therm=al statlili-y, however,
S.gges3ts that other para—eters are playirg an !=poriant role in
the sz at lization of magnes! =-doped AlHs-1-21. Tne following
varlatles have been investigated in the 1aboraory in 31i2mpls 0
i=prove the stabli'*y 5f magnesim-doped material prepared via
the continioss process:

(1) Res:idence t!=e fn the ot crysz=alllzing sslizion.
Chloride content of the prodace.

)
(L11) Additive hyidrtde (L'AlHg and L'3,) ratiss and, or
concentrat tons.

o~
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(99
a
>
'R )
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Cranging *rese variatles has produiced ro 3ignificant chinge o
the ther=al szabilizy of the AlH4-133) produact (Tatle II); otrner
reasons were therefore !‘nywoxtigated

(c) °'~e'.".o,s dita have irdilcated that dry DOX atmaspheres
*alining s=all amounts o7 water (3. ppa) rave increased the
abdilixy of mb,.es:,._-dopc-d AlH3-1321 prepared vila tne tazcn
FOCE S Z Tre l=provement ln swabtillty was attrlicateld malnily
s.rface oyl “:u,':.'s and/or oxiZz2tion. A WetT etner W33n TTeET-
=IRE 3 *a.c’- s> 12 22 twD continudus miagneslmm-dopeld sarmples
Statilizy tO the prodxce.

"1»

»-ll n'o N

(C) We: ether for the reaction solutlons was 3isd u
—ake magnesiom-d8oped AlK;5-1%51 via the cant: 1dD.2S P y‘
¥ith the wet ether wash, no '-px‘ovenent In prodact s=
s:lted. Sirprisingly, nelther AlH,-1%63 ar4/or n--.:-l T
assoclated with waler, were not otserved.

(C) 7The above experi=erts again point oat trne sensiziviy o7
Lnls s*s’e— t0 small varlations in procedure. The presence o7
=oisture will ot always p“odace certain alxnmin.a hy3dr-ide poly-
:o.,“s a- give =ore stable product unless 1t s :ntroc;:ed ty
ZFEe praoper tecdnrigies

(C) Cre of the s'gnificant differences tetween the "rach”
an continuous” prodact s the ya-t cle 3%ze and crys=a.linizy.
The continious process usaally mesalts !n larger and core cry2-
t3lline particles. Assuz=ing that the s<tabllization of AlZ,-1i51
1s a surfac2 phenoeenon, consideratiosn of this differerce would

s.;gges’ that the greater the surface area of magnesicz-¢sped
hydride, th:2 greater the thermal stability.
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{c)} In order to test this hypothesis, the stabllity of mag-
neslua-doped samples of hydride prepared ty *he "fine powder”
process =33 evaluated. The particle sire 13 gererally 1-5 u com-
rared o ~A0 u fo- bawch =aterial. The Incorporation 37 =az.esir:
into tre flne powder material falled 1o show any i‘r=provement over
standard flne powder as shown !n Tatle II. This !ndlcates =ag-
resim statilization Is ot a function of sirface area or particle
sice.

(C) Arother significzat differerce between the baten and con-
11948 process is tne mode 5f preparz2tiont. Alumiram hydride in
tatch process separates first as an aorphoas or po3sitly

113 phase, crrs:allizes as an alaminas rydsrile ecrerate-l-4}

e, then desa;va e3 9 AlH5-1533 before unldergoing 23 solid
transfor=ation to AlEs-1-31., In the continudus frocess with
ttemal SE“dJ‘.g technizie, 3luminm hydride has been obtserved
*o nuacleate anxd grow directly froz soluatlon as Alds-1+51. It s
possitle that a phase conversion sequence accirs Za a tnin layer
on tne surface of the AlH;3-1-%1 crystals, but this =as rno% ten
ctserved =icroscoplically.

whz,:).gt;
t* o
(1]

AL ¢ B IE e ]

1 R
®

(C) Severa. atte=pis to produce :ag*es‘.x-dapnd AZ¥4-1551 via
the continious process by first crystallizing AlE,-1432 resajited
‘n only two sSaccessfi)l run3; duie 20 the high a’.z:.n._. =ydride con-
cernirations, AlHy-1313 was i323lly produoced. These twd runs, now-
ayer, did rnot show any iz=provement !in stabllity as seen Iin 7Table
II. 7Trnis woulld s..ggos’ trhat the sol d state which involves th
cransitio? oF A1F5-1333 to ALR3-1381 i3 ot the controlling factor
e -:;wnq o §*artltrattian_

(C) 7This conclis'!on !s also sapported by the results aottalned
from the magnes!iu=-doped, fine powder wmaterlal. Sa=ples o7 Alda-
1351 prepared by this process are known to uandergo this solld
state transformation. Eowever, no Ii=provement !n statiliy was
observed. The results show that the !ncorporatian of =agnesium
into trhe crystal latiice wlll produce 2 more statle prcdsct In
ornly 2ne 2f three related processez. No i=provement IS ottalined
{f the sa=ple 13 prepared via the "fine powder”™ or “lab contiriouas”
rrocess, tut this stahiilzation technlique 13 very effectlive 17

sed in the "tatch”™ process. This dictates, therefare. Ziat 2o%-
::::.xed efforts be made to urderstand the mechanisz t) wnicn mag-
nesizm stabllizes AlHy-1351.

c. OSPA-Treat=ent of Samples Predared via the Contin.ois Prccess

[C) Tre diphenylacetylene (DPA) wash treatment saccessfully
golied to btatch =ater!al d:d rot deposit a sufficlent amoun:t ™
the sarface of AlE3-1451 prep.red via the continuous process,
owever, vy asSing an evaporatisn technique, wherety 2 .own azouns
of 2n ether sSolutiosn of DPA was driled on the produact, controlled
arozxnts of CPA can be deposi.ed on the surface.

13-
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(C) Using this technigue, the s%atllity of latoratory samples
Freparea t:y the continudus pracess was Iincreased approxizxately two-
fo0ld as =2rown ' Tatle IX., These ga=pies reached 1¥ Zdecozposition
. B-16 days at 60°C. This s23tillty !5 not as spectacular as
tha?t achleved ::. taich, =agrnesi=-doped, ir. 3!'ti CPA-trested 3amples
whichk regilre S0-60 *‘ays te fore reac...:.g X Jecomposition at the
Saze te:perat..re (see Sectlor 2.3.5.).

d. Nuxcleation Studles (U)

(C) Studles on tre 2irect crystallizatisn of almin.um hydride
fave shown that one o0 the =031 ITporizni controlling factors in
prodacing good crystallline Ali.-1-21 by the continudis crystellicza-

nl:fa3l nucleatlicn stage. Repeated experirents

tion process s
rave demonstrated 1t 15 ot possiile o szed this crystallization.
AS a res:lz, 1t s rhcessar, o cunfor= to 2 very narrowv set of
operating condl t'o 3l BErpin i s'.’.x r.‘cleatiar' of the AlH,-
1451, These con '.:)r.s are 2efi-ed 3s follows:
(1) A temperatuire 27 T73°-ZI°. ., correspoading to
less than 1% Zdletnyl e<rer.

laminy nydricde concentration of approxi-
1y 0.225 %, =it rever greater than °.210 H.

A slow feed === zf [.1-..2 ==oles/=in./1. (The
feed rate can te '..'x::*easc—d d..r‘.ng cr-ys.,a‘ growth,
-

* pat & coml o & o~ e, ~

= SATNEe v lliavaon g .‘:den} -

(iv) Complex hydride =oie ratisos of L1AlH :Aldy:Il189,
witnin the rmange 1:%:1 %5 1:1_.:1.

(v} The use of very los czncentrations of lithimm
almmir hydride ani lithirm borcrnwdride to
rrevent precipitation duiring tne r.;cleatl:m
stage and tre res.iting detri=ental effect
upon suksequeni crysial ITowth.

(U) EZxternsive stulles with wvarlazles sixch as feed rates, alu-
rninge nydride conceniratisa, l1itnli.r al rminux hydride concentra-
tion, etrer ccrcev:.m--o. and 2ine and terperatare profiles have
not gilven a completely -?p-or“'::.":l nazl2ation tecknigue. This
variabllity is telleved 1D € 2.e 10 Jinkmown Izpu-ities suacn as
l1¢thixm chioride, water anZ,or reacilon pro:xcte =7 water, and
additives lixe magnesiz Innltliting tme nacleatinon stage. These
mpuricles are perhaps more 2i1f7Ic.lt o estatrlilanh.but, once de-
fired, they are also amenable 1o control. Trace i=mpurities in
the s3oivents, especlaily n recjcle rteazere, have teen Zound to
cause variatliors !n nucleatlion and the mesulting crystal phase.

-15-
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e. Crystai Growth Studies (U)

(C) Peed rates In the nacleatlon siage =ust be extremely
Slow; however, ouc? racleatliosn Ras occurred, !t is peossible and
desirstle to satstan_lally increase the feed rate top lower the
volling point of the crystaillizing soluticn to 76°-T7°C. and re-
dice the residence time of the AlH53-143) crystals in tre crystal-
li-er. I% has been otserved that slow feed rates during *he grow:ih
stage result In the prod.iction o5f more opague and polycrysta’lire
=3terlal than faster feed rates. [/ slight ‘z=provement !n thre
wrerzal statility of the hydrisce !5 3lso moted htecause of the
storter residence Time of the hydriue particles in the cry-tallizer,

(1) Tne Tffect of Litnim Alr=!num Hydride on Cryscal iroath (T)

(C) Precipitation of lithiw= aluminum hydride during tne
cr-ystal g"ov’.'-. gage will als) cause the hydride crystals o become
more opz232e and polyerystallire. Tnrus, i1t s necessary In ottalning
maxincm crystalliinity 0 X2€p the concentration of lizthii= aluzincs
rydride 23 low 3s possitle in the feed solutlion without introduicing
chlorides to the systes.

(2) Q:atermary A==oni = Alinus Hydride as a Kew Sesolvating

agant (U}

{C) One method o eliminating the precipltation of liinum
ARl =itz o=l Fhedintiden fan s c"ys’a-lizatior o2fF AlHa-14S1 wouald te o
2se 2 T=ore sdluatle 2..=irdnycride 3as 2 cesolvatling agent. Crl-n- o
o¢ctyl n-propyl Jiatermary amonlm 2lx=inum nydride ?4..,‘.5.) u3s
syntnesized fro= the corresponding Guaternary tromide salt and
Jlthi> aix=inam hydride in benzene. This soluticn was then used e
o crystallize a stolchlometric hydride feed solution via the c:on-
tinaous pmcess. There %¥3as a conslideratle de.ay !n the nucleation

ﬂ

£ tne alminam r-r‘r-de, after which A134-1333, R1=5-1251, and a
trace aoint of Al¥3-1333 crystalilzed. Although ro lith2.m alu-
minze hydride or SNAlE, preciplitated, nucleatizn and phase
protlems were orvious, ard no furtner work was done witt. this type
of compoura.

f. External Nucleation (U)

(C) Tre optimum conditions required for nucleatlion o5 AlY,-
1351 and for the growth of good crystals are considemtbly Jif-
ferent. Trerefore, 1t has been proposed that these twd sTages
te separated, and that 2 coatlinusus extermal nucleatdor ke used to
sapply Al33-13S1 nucle! to 2 continuous crystallizer unit operate
3t optimum crystallizing conditions. Prelim!inary, s=211 scale
latoratory work with tnis concept has shown some encouraging
resalts.

(C) The first system to be studied consisted of a3 heated
crazber where metered sirea=s of .05 M AiBy solutlon (~3¥ benzene

-16-
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-10% ether) and preheated benzene were a3ly-~d. A =2etering pu=p,
which controlled the flow rate of »oth sire:=s, was connected to
the chamber by =means of 1/5" Teflon tubting. Tre =!ix‘ng chamber
ard ex1t tudbe and the €low rates o7 %the feed sirears were varied,
Tre residence !=e 57 the feed 351.%t'On in tre hot zZone was cal-
culated froa the volxre and feeld r3tes D be between one and ten
=zinates.

(C) This systen produiced AlEs-
was lower than =2xpected. Som=e ¢crys:a

In 3ll runs, but the yleid
were 27-3% u in dlameter,

'-l
*‘\)l
a

ich suggested that this =metllh =87t also te Jeveloped 1nts a
cryatallizer to grodice =acrocrystalline Ald5-1251. Tre advantage
of a very short recience tiz=e In tne nct Zone s5noaid resylt n
material of !=proved stakiliy. When faster feed rates were used,
some AiHy-1533 and AlH,-1234 were aless prodiced ‘
{
(C) Exact control of tn!s ll -scale syste= was Jifficul: ‘
and Iwo =2'or procle=s were e'-.c tered., Firat, vaporization of the !
t

ether in tre reated t.te cauased '*“l"'.g ard separation of tne
3o0ldtion, with the resailiing expa*s'.sn of etrer vapor decreasing
the reslidence tize in the charter. 7Tne 3eccnd prorlem was produac.
adhesion which caused material %o tallld .F :n the narrow tutes,
eventualily pligging them. !

(C) A second system consisted of feed!rg the =mixed feed
streams 1nts the ciddle of a vertical gisss tare 2n? rmoving
the ether at the top Ly means of a distillation cal=nn. The
procduct was 2rawem o7 the “ot’a— “'.' i gmavity overfisd syztex which
functioneg errz%ically ard pm large 1192!3 level cranges in
the vertlical glass tite; product -..es 1o also plugged :'-.e narTow
overflow tates. Despite trese protiems, Alha-14%1 wae prolduced

in trte syste=m.

(C) A mocificatisn of the atove procedure was also stadled.
All 1:13u123 puzped intD tre System were “aken of 7 ty 2i2:fliaticn
and procuact was intermitiently reov-d tnro.gh a 3topcocw In the
dMtixz. Several runs produced AlZy-13451 a=3 AW 21233 whlchr
settled out read!ly ard resulted != 3n Iicrease in reten<ion
tiT>* compared to tne Teflon tuile 3ys-e~,

w
A

(C) The above preiisinary work "2as 3-~cwn that a continudus
external nuc.eator can te aevelsp ts ai2 I~ <he contiruooas
crystalliza<ion or AlZ4-1281. rouw2ver, =ors develsprent wovk
will be necessary to orolduvce a working =s2el ard estarlish con-
trolling parameters.

&

g. Materilals of Constructiza {U)

(0) The random nature of decomposition otserved during
tatch muns in pyrex glass as well as adhesicr. to the surfaces
suggested that some other materlal of consiruztlion might elther
reduce or eliminate these proble=ms.

-17-
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(1) Quartz, Vycor and Soft Glass {7}

r wll snowed a
cn of aluxzinu=
s

crip-targ
S

(C) Sxperipents with a q, £z thermooe e
significar: Izprovement In the amoun: of deco=posi:!
o 8 over ;yrex ther>oetéer wells, Alihouzh v
were pere preoncanced on the guariz well, e alu=firus coa-!-z
formxd, as 1 213 wl“h pyrex. In order -9 further inves-ilza-e
.his 3ifference, a ore-lliler guartz flasx witn a qQquar-z oo
eter well was fatricazed, and 2 serfes [ ~irns =ade us!irs :r!s
vessel Jor 3desolvatlon of aiuminum ny - o

(C) =ix ta<ches of aluzmir.z nyirtile-

E
the quartz flask, anld the previous olsermaticn was ¢co-fire1l; o

mecalilc aluzinua 2037172 was orservel on either “he lrermimecer

well or sildes cf “ne flasx irn ary 0f <ne ruirs. Li:i:le !=grove-

ment, however, was rnoled In tne amoun: of product adnerirs T~ e

siiez of the [llasx, a1, a2 witih pyrex, a zsraZial colorirg cl’

the macerial cocurrel as Tezperature was ralr-alred a- "z .

These rmesult: Indicate two types of Zecozpesiclos wnich cozur

during -he corversicon 3tep. The firse !3 cataly.ic ari “he 2eares

12 which his ’y:e of decozxosition occurs 1eperis upor “he 3ur-

face 1 co-tact with the s2luztlcn. This sype of dec:mgosi-i:-

t-re"ally meanlcs Inia socating of mecalllc ana=is o owhiich 23p sl us

in a rardom ranmer on 1ne surface ¢f <he concalrer. 7 four

=aterlals tes"24 - 3¢ft glass, vycor, pyrex, and quar-z - “he

laz<er was “h2 only ore exb':i:i:g a >o=plete atsence of -nis

tyz2 of Zeco=pcesiilorn. £+ zlass an3 .yccr produced al.mi~u=

coatings, while pyrex showed rar2c= 2Fepcei-licr ot alumin.- o= .
20°n Tne si2es of e Zlask and -2 charaometer well e zeccnd

*7re 1s a -hermal dececepositicn of Tne aluxir= rFrycrlize wrion

occurs a. the surface of *he flas« where the produc- alheres P
T™his 2ccurmed with all v ative macerials anl -o-e u*;ea.-1 a2

rave a~ ad.antage In kI respec:.

his werx 3“"95'93 “he use cf an e-"lrsly IMffere--

3T al, fuch as poly=ere wlih hizhly ~:--azresi~e sur-
faces. Pclyperflucrocitylernepropyle~e ' FEZP) poc.y2»'I aff€are? -o
re ~he mo38T pro=ising and exricivt:2 excellars nor-alrecivenes
(see Sec:ion A.1.h.).

{2 Te-arlu~ %ecal (U

.C' Pur-her work was carried ou- "cwmary the e-2 of 1F
on deter=i-ing ~he use Of =¢-al:s as mazerlal® of cons-ruz-lo-
T1-arnilz= {3 a relazively 1-er: elemen-, belnz rezls-a~- "0 2 "
caustlic anid co*cen:*a ~ed hydrochloric. 173 effz2ct ipc- the iecoa-
posi:lion ana/or adherenrce of alu=iruam hydrile was ro- 2w, an1
in oxder 0 3Zdeer=ine -his a two-ll°er crystalilzirs vesse] was
fabricazed. Two runs using the dr-ip-1- proceiure recul-23 -
AlH.-1%351, tut deco=posi:ion and adhesion were ocserved in ro-h
cazes. These results irdicace that <1zan'um =e:al 13 no- a
sulzatle =a-erlal of cons:iruction for a cry®talllzer. A -ar-alu=
ve3sel has Yeen ordere3d, ari 17s proper-ies as a =a-erlal of cor-
struciion should te determined.
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CONFIDENTIAL




CONFIDENTIAL

h. Product Adheslon {U)

(C) Producs adhesion on the walls of the continuous crystal-

iZer presents a very critizal protle=, since 't resul:s in a
significant lcss of groducs and very low yilelds. In addiziom,

4L, Zhe producy is :ain a‘ned near «r ar the bhcated surface of the
vessel wall, 1t willl te only a =matter of Lime tefore deczcpesi-
tizcn of thils proluct occurs, requiring a shut—down and clean-up
of the c-ystallization unit. Soluticn of nis problez would
resul:t n increased yields, longer m—n tlz=es, and reduced clean-up
effor<ss.

(1) The Eff=2ct of Addizive Hydrides (U)

(c) Exper:ence tnd’caz2s tha: the precipitation of
lizhium ali=inm hydride tefore, durin cr af*er nucleaticn of
AlRB5-1351 accen:' 13tes the adhesion p"oblﬁ_ Rap!d nuzieation
of AlHs-1-433 due 0 AlHy concentrations greater than 0.0C5 B alsc
resuls in excesslive produs: acdhesion. Varying the ccncentrations
and ractios of the complex hydrides, lithixm alminy hyd:ridie and
lithliz= torchydride, has not solved this proble=m, although higher
AR Eenokydntde  cormcsatsoi ons| alyd tnisplubylizing :he l::hixn
aluminu= hydrids and the =agnesiwo zoaprund, LiMg{AlH()sy. The
precizitaticr of 1izhium al=min= nydride 5 narticularly prevaient
in the tempera:tur=2 range of TC . If =50 higr a concentrac!

S [ ol 4] *3“**"1:"9 i3 used, SIN FNFB) ErecpicALs Enden

Tieglal Fomddspiznis.

{(2' Ulorasznlis Astzation (U

(U) An fmmersion type ultrasonmic transduter was used
for agitazicn 2f <he taenzene sclution 3dioing tnree zontinuoas
srystallization ~une. Although tne ganeratlion 27 a larger nux=ter
Q% HAEal| k5 ORHE rafsmtiaie iR cxpes el iFal 3l el € SRR (afSelctE
were ctservel. Bowever, no rprodust adhezlior o the glass crys-
tallizasion flasx o:curred Juring these rirs, whije a conirel
rn with the sa~e feed ard rnormal 2:tir-ing 413 resuls i produze
acdhesion. Therefore, <he .32 of ultrasorli-s for solving tne
K3 promising.

adhesion prchlem 3

[l
(

o]
'y

(3) The Use Polyperfluicrocthyisn-propylene Copol
[reTion ror) as a ¥az-rlal of Cors:ructlon (U

(C) Previous work wi:n flis«s =ade 7ro= vaclous mate-
rfals showed 2 wlide varlatlon In the a=cunt of ca’aly:ic deccma-
position ¢f alu=iny hydride. I these, quar:tz resulled in the
least amount »f :a-aly"c decompesition, tut a seriocus adhesicn
protle= 8111 ro=ained (se2 Sectlorn A.l.z.). Efforzs o find
=aterlals which are both non-cataly:l: ard non-22hesive xere
therefcre continued.
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=l. polypropylene Erlemseryer flask wasz filzze4
. as 2 crystallizaticon vessel. The prodtucs
2, but 1t waz ztserved thas adheslion of

of WO m.ns wWAs Alfd.-1-373

produst T3 the sldes OF the flask was reduced arnd the =azerlial
remalned white. Scz=e softening of the poljpropylene im the
Feating tath {10G°C.) was ohlserved.

flooroethyleneprcopylene copcly==2r 'Tefllon

2 propertles than polypropylerne. It !s

ns, NCn-pcrous, has excellent adnestion
thstarnd temperatures up 0 205°C. In ordes
or. AlE53-1-51, a *2-ounce Teflor TEP kpottle
1253 22Zag7rer and a2 ther=o:Ioupl:s well., N¢

thar that resultilirng from the tolling c¢f the so.ve~nt
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The Tefloen FEP tortle ez=ployed for <!« *a*-n pror<ss

~he cortinuous process and 1% wa3 “her=fore

FEF-lired ve3sel whizsh -0uld ke 17721 witn

he top. Tre *o::wm o a pl-ze 2 “EP-
clameter ard elght Irnthesz lorg
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L. PFla=e Photometry Studles of Alu=inu= Hr3-!3a Solutilons (O0)

(U) The determira-ion of alxal! =e<als 'n 2 ncn-ajuecus sol-
ven: 18 a unown analytizal technlique. It tnerefl:ire appeared
feasitle to determine 1l:tht' = arnd sodl— In <Tner-lentene sSolu-
whons I alimminu= pelinddal el EHg g tnlsl L-Eh—ant sy Sor saire

=ss.

precise contcol BF he coysitacilzazlan ESSS

A — ~ L) 2~ [ ]
(1) ter=inatlsr. of Exac: S:islonlosetry fi- Preparation
L 1 P | 4 -4 L | i
AR R U,

(C) With the continuous zrysta2lllizazlon technligue 1t
i3 extre=ely !rproriant 0 knom the exact stdlzhicmetrli:c egulivalence
Lnt of The alixfna= ghloride-l Shdes= alx=in= ayvixide m=acTion.

~:in %ill no: nucleacte;

If excess alu=inu= chlo
e i3 present, tne

if a large excess of 1
product adheres to the wall 27 the crys:a

(C) Tnis prorle= was solved by tha applization of fla=me
phctometry %0 the analzsis of aluminus nyd-side szluzlicns. when
Ity fadimdme Rydedde g a@Eed S adn=inmis shioside, Baly ks [
sclubillsy of lithic= chlopide l8 —esponsitls 30 1i1Thiim concen-
tHavion tp Yo the sEEEeRds=efslile reighlvallianisE dez D Seigsnd| TS i
an excess of lihit= pd=Emi= nydside azspoacs, amd  1IThics eTnE
centratlon increases rapldly. The change in concanTratlion

-~

A llshiz :
line. It re=alins practically ¢

'S

can be followeld by =easuring the e=ission oI
c

equlivalence poln:, after xhich !

(U) A linear relationshlip 27 e=lssion ver

.'J
u!
i 1
0
4

. zion I1s cbtalned fcor lishii=m ali=tirie= mgpd-idz golatl 3
aboust 0.2 m2llimolar, a goncentratlicon xhion rogulres approximactely
a thousandfold dilluzion of the al'min = hydride feed sa=ple. This .
is readily accomplished ty =ixing 0.050 =1. 57 alu=inum nydride
solutlon with 50 =l. of tetrahyirofuran !n 2 <0 =l. ger= to3:l-,
producing the proper concentratlon rang? T2 proviZe 3 speciro- !
pRetieetric résponse Gop lithRiizs fn cha Af=ss5 pPonmdiion f The !
exissicn curve, o preven:t precipitation of aluminum hydr-ide, and
2o ell=irate plugging o0f the fla=a ‘et in s Ynstimisonsl '
(G) Pgure 3 shows the flame e=isslon cf lithiuxs at
€708 i for standard reacticn =ixtures ranging froem 25 to 117 per-
cent of stolchiometry. The intersec:lon of 2 s:iralght line re-
suliing from a small a=mownt of sclubls 1ithium chleride in the
presence of alirmimm chloride and angther stiralght line due 20
the presence of excess lithiim alu=in= hyd-lde estatlishes the
equivalence point with an esti=ated accuracy of =0.3%. It can
be seen, therefore, that z2n alu=minum hyd-ide sclitlon which pro-
vides an e=mission reading of less than & 1s on the alumalinux=
chlaoride side, ard, as a resulc, will no: nuclexe properly.
Readings higher than § can te used %o calculate ine a=ount cf ex-
cess lithium aluminum hydride. This analys!s has resulted in =ucn
closer conirol of the crys:allizer feed szcluticn composizl
. -25-
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[T) Convenlent and rapid sampling technigues and stan-
dardized procedures for sa=ple preparaticn and analysis of alu-
min= hydride solutlons have teen worked out. Plgure 4 shows the
three-way sa=ple valve teing used with the fla=e photometer. A
standard lithimm alwmminuz hydride soluticn !s used to calltrate
the Instrument both before and after the sa=ple s mn. A third
sering allows the fla=e Jje: axd saz=ple line o be fluszed with
the sclvern:, teirahydrofuran.

(C) The molarity of the excess lithi:m aliux='mm hydride
@n te estatlished by reference o another graph (Pigure 5) ob-
tained from the same data as Pigure 3. In this cane thz2 spectiro-
protozeter reading resulting froa an ali=inm hydr-ide spolut?
ccatalning a slight excess of LiAlH, s plotted azains: the molar-
1ty of the excess LiAlH,. It has teen observed zha: the siope of
this line is greater than that of LA1AIH, ty 1:sel’ in teirahydro-
furarn. The reascn for thiz 1s belleved 0 te a slight enhancem=ent
of ilthiu= chloride solublility resul:ting fro= excess lithiu= alu-
Slim hgdstdel.

(2) The Plame Enisslon Specimm of an Aluminum Hydr-ide
Sosutl ()

(C) In ad2i:ion to deter=inirg lizhiu= bty flame photom-
etry, 1t may also ke possible 0 determ=ine other elements such as
=agneslim, sodiu= and boron. In order to determine Iif any c?f
these elements cculd be detected iIn 2an alu=inuen ride solutlon
contalnlng & S1ight eacess of lithiuwm aliminum nydride, a flame
spectmum was obtalned between 3200 1 and G000 i as shown in
Plgure 6. Although no coron was presert, 1 would bte expected
t0 have apprcximately the same sensitivity as alu=inum.

(U) The elemen-s which can bte 1Zent!fied are sod!iim
(5900 L) ard 1izhim (708 i); zhe remalning eaission is due to
carton In the tetrahyirofursn. It should bte noted that there 1is
no interference frcm the solvent for lithium, while the sodius
exission appears on a sz=z21) shoulder. Sodi= s present as an
I=puricty even in the diszilled :atrahydrofiran and therelare 1t
zay be difficult o deter=ine very small amounts assoclatea
wizh the reaction. If larger concentrations appear as the result
of a slightly soluble sodii= salt, they should te reasonably easy
t0 deter=ine.

(U) Any emissicn due 0 aluminu= 1s co=pletely masked
by the solven:, and the same resul: 1s expected for boron and
magriesium. I fla=e analysis !s o te used to determine these
elements 1in the crv-tallizer solu:lon, 1t wlll ke necessary to
hydrolyze the sa=plies and o:tain the e=miss’on of an aqueous
soluzlicn.
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tetween Samyles. |

£33-.13212 chrozmatography 28ing the newly-develzped p =

col.mns (2). This technizie !s now teing .sed 1) delermine water

ir SinSamiis, SElfhieniys Pigire 7 3fows 3 t;pizal peax for water In

tenzene wnich has bteen drlied wlith lithi = 3alizmin.m nydrile. 3Stan-

33ar~d c.urves rave teen grepared, and !t !5 now possibhle o determine

Ww3taer !n tenzene and evther telow 10 rpe.

2. Zevelngment 27 3 Contin_o.is Crvstalltzer (U) -

3

3

¢r

p IO IICK SN & N IR A

- a

=R 2 hydiside clamis s all BEaNBoR it fe UsaamEsRnt | TRl
ent of %re salvents te red.red 25 3 zZint=:=. A

559 SSEEt Yo Hysoomerer R33 Neen Jsedfon kel 23S

eterz—ine 3=3_.. 220.n%3 57 water n tenzene and ether.

r tnls puirpose, the insir—ent has the dlsadvantage
si%e long periods 57 %ime o reach stakle cperating
3dadltizn, 1t 13 recessary D walt 15-20 m=inutes
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T
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(
2
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{zer whrere preclise conty

wiksita D TEae tSn Bl P SSln g bt e [F 3R ISl altalmedly IR I s 05 S
2rvSt2lliz3%ion 98 Al¥a-l:31 was demonsctrated 'n 1363 (1) wilth con-
rideratle progress =ade !n the development 37 s.ch a cryszalllzer.
Specific ok’rectives this year inclzle:

(22)

(1)

Incorporatinn of =agnesim Into the crys:al
(ol

latsice 2nd/or sarface treatzent 57 *he crys-
I l4ve STadiz TS I=pavel whes=n I STkt 1lely
SEL A=mizanion, o the emystaiiichtdion pamam-
eters ) !=prove the pgrnys®~al and chemical
grogertles,

prove=xn: of

[ | .. Ly
Bllizy. SRe
o

=g

tisn process.

SZEply of the "hestT AlH,-ls
podaced hy carren %

LI N I

ve' 9f Yhe canitinkolls oF s tal TR
he properties 3f AlH3-13Z., Farsic:la
fe g3l 1s o develzp 3 continiois ¢
™1 57 the =any parameters aflecting the
con
)

vement of the continuooss cry=stalliza-

A}
l trnat can te

For crharac-

4 ¢t red
e

.

\

b}

L

1}

3]
v
(&

terizatlion ard evaliatlion.

(C) Consideradle progress has been made in urderstanding and

-
-~ -
~see -

ceptatle
teen =3de !

-
-

3

-

- -a
O IMillne

=
n

roliling the corditlons rezalired for reproducitbly obtalning ac-
ALE3-1251 nxclel., Significant advance=ents have also

the areas 5f solatlion stabtlilizy, product adhesisn 2and
meaction stolichiometry. Plrmally, a tectnizie has teen developed
7 incorporate magnesium Into tne crystal lattice of

-31-
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nis page is Unclassified

TS oS T 106S
EmLvOL COLUS: - POROUS POLYEER BEADS
CARER GAS - Mg {2
CAARER FLOW RATE - 30cc/mm.
OVEN TERPERATURE - 165°C
DETECTOR CURMENT - 230 evw
SAMPLE SIZE - Sul
ae
ENZERE (XSI2)
_-BATER (UMY
N
(C) P:g. 7 - Gas Chr togras of Litalm
A Eegm=tines Eydride-Zried Benrene (#azer Analysis)

ALHy-1-%1 z&de in tne continio.s c*ys‘a"':e:
h discission of results and parace

% a
gresented telow.

3. Process Descriptlon (U)

(") A =cdiZted drafi-iite taffle (DTB) crystalllzer was ised
%9 Je=oristirake 56 GeRsd NN 3% Bl 8 BinysHak IR 23R 3F
AL¥3-1351 tn 1365 (1). LCe<talls of tre operatinz prinziples of tre
™5 were also presented. Resulis obttalred n wnls unit led o tre
design and !nstallation of a Hereslte-coatec, Tit..ar Irystasllzer
‘n early 13€¢€ and finally to a polyrerfliorinated eilnjl.ene-frapjy.eneé
2oposjymer (Teflon FEP) lined un't of si=!lar design. Tlezalls o5f
e operating procedures and conditizns are ootlined relcws

(1) PReactizn (U)

‘de is octalned ty
1 ta2cn reactor 3t
sly distilles fr.=
t exce3s o7 _IAln,

(U) An ether sslitlon of almminum hydr
rezcting ether sclatlons of AlCls and LIALHe In
a=hient texperature., The ether nas been previsg
L'AlHg and drled with molecular sieves. A slig-n

s ased <0 assure complete reaction of the ALl.a and sc2iox tors-
Rydrtde '3 adled to genera te LiBE, In 3”J Se=3val of the re-
silting insolutle chlor‘des by filtration and 3lilation with tenzene

-3
(Tris ﬁe 1s Unclassi?
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Uy e

‘n the crystallizer feed tank resalits ‘n 3 C.25<.%C0 K al.=in=
rydride feed sclution. Premaltire precipltation {n the Zeeld ank
13 nzt 3 problem at iz=blent temperatyre, Migresioim i3 introdiced
7 adding 3an ether gfolitton of LiIVS(AlHL)3 o tne feed cank.

(2) ~Z=yszallizazion (U)

() Schematic 7. tre Heres':e—coated zitilar

373 dRe Felfilon FSP-ltaed o re pregentel ‘n Plguires 2
ar3d 3. Zenzere, Zilstilled 3 zried wizn mo.ecolar
5teves, '3 charged 1o the 3 IEmaednds €222 AR
srrer 39iUtisn con%aininly 3 L=, s shen slom.T
el ol vhe ERlllARE teniziene ezuiom by the Tum2mm2l
seeding” taechnlizie. After CINcRE" SihalesipiosRErds | feley
3o.:tlon !s prepared ty the above procedire arAd azldel to the Try7-
tallizer. Analyses of 3 typical feed 351.tion are presented In
Takle IV. Thre clivila“ing =3g=3 tem=rermat.ire I3 then allowed <2
decrease %5 trne desired oferating texgperature and contrulled ty the

digziliBze [e=avan.!

(U) ~Typical Al='r— Hydride Peed Sol:tlon Analys!s
Ca=go.ung Corslentralion, .2
AlH, 9.3 29
LA IS B S4 ~ e e Y )
LLoAaLTNe e g s A S
L1323, EEE

(C) A prodict sSirean !s continisisly removed near the
Lotdom of she eladrfation leg Bnd passed thnp iRt L geREUsSligal
separator where the Al¥53-133)1 crystals setzle into 2 2old benzqne
reservoir. The sipermavant L11320r can b2 flltered %o eTove 10w
density and/or high sirface arez partiicles and recycled bty =eans
2% a Teflon dlaphrage puz=p or rexoved from trne syste=. I re-
cycled, the sirean 13 comdined with the feey stir2am. The elutria-
<!or. s%ream !s re=oved nears the surface ind recycled to glve
‘nternil classification of the ¢cry3talliline pro2ict. A change in
tha speration zf the poljyperfliiorinacted ethy_crne-gpropyiene copoiymer
(Teflon PEP) lired crystallizer w33 recessarsy %o facilizite 13
sp2eration. The reflux from the 323t latlon colom 13 ui82d as the
elitr!ation stream instead of re=oving —other 1i3ior Zro= the wop
9% <he crystallizer as !n the Hereslte unlt. Several recent rurs

r3ve teen made without elazriatiorn.

(2) =valiazisn (U)

(J) Product sazples are re—oved periodically, ether-
washed by decantation, 3ara vacuzm cried . The s¢oversed AiHi-1-51

-33_
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CeHe |
|
Al Hg : ‘
Et20 | l l
I
| I v
FEED |
TANK ‘ | J
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\1/ |
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FILTER I t
<P et = Flo=
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SOLVENT TANK  FILTER
PRODUCT
SETTLER
RlHg- 1451
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(G) Pig. 5 - Teflon PEP-Lined Crystallizer
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!5 evaliated bty a series of ghysical and chemica. te3:s. Trese
tests Inmclude mizroscopic exa=ination of tne particle configira-
!cn and crystailinity, X-ray cdiffraction ana.ys's 1o eszatrlisrn
co2rtde prase, btolxk density, screen, and elemencial 3malysis, Tneres.
Itacilligyn s deten=ilied By the ¢fted Tallan! app:zratus at S0°C
=, =ez.lxs (V)
(C) 2re hurdred foriy-Cive runs, su=marized 'n Tatle V, were
~ale wn’s year. Seveniy-four ¢ these p‘od.ce” AlHy-1s81 with rn:
conte=inatlion from other phases utile others res_.lted ‘n 3 =ixtire
27 ALE5-l-S1, and AlHjy-1%3%, AIHy 1233, etc., or falled to racleave
rrorerly. It s8roullld te remextered that this prograzm was desigred
x zn.dy tme crystalllzation process; cherefore, 1007 AlLF,-lABL
£33 DT expected ‘“,e" all canditions. Most of the ruins in the
L2TTer Lategory can pla:.ed elther Z2irectly n the case af
B misie3dUsn a8 incircc.-; in ne case cf ALHE3=1253 vy i
sooElarle FaE e L eS| MRAch ERRASENE S lealr Y5 | el e agrer
2anceniration limit per=issitle for the formation 2f AlW,-1.51 '3
ayce=2¢d. A diac.zslsn 2?7 izporities and thelr effect :s rre- )
3e=-ez 'nm a3 later sectlon, A.2.c.(5). s
Tatle V |
{3) S.zmamy 3% ALbmin= Hidintde Iins: An aNe Sanpirises Snmsmallfce-
Alx=!n= Eydr!de Phase Prpdiced
=SS pinbia PR .
| s + == Lt w22 R s AL
. :: b ¢ H
o S b
ol 2% x X
= £.= x x
3 a0 28 X
= B X X |
by 2.2 X A )
- 3-./ X !
u i x
~ hi x

3 ~.0 Ixcesslive Decozposition
P 3.5 Palled 0 Nucleaze

355 2R

() ALl rmuns were continuous and varled in length from 3-17
roirs, the shorter runs being those which falled ts nucleate
Frorerly, wnere excessive deco=position occurred, ar wnere the

-36- .
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ating or red.cing procd.ct acdhesion and Inccrporating mag-
the crystal lattice of AlH5-1351.

(1) Crvszalllzer Des'zm (7J)

(C) Three crystallizer designs have beer evaliated,

e Iraft-Tite Jaffle (DOTE) crystalllzer, the Hereslte-
.til3ar crystalllizer, and the Teflon PEP-ltred tiobhilar

. ALl trree infits will prodace 100F AlEg-I431 with
nt diffenences in prodact 3a3alltw, coystal adkesion
218 or 32lutlion statillity noted a3 3 fuinction af de-
Feratlion o7 the tibular cryszalllzers !s gimflar o

(2) 7Tre desigm of the D73 crysctallizer was discussed 'n
222311 'n an early report (). Tnls cryszalllzer was relatively
somplex zecranicilly 2nd made effective clean-ip move difficalt.
The Hereslte—cozat2d, tabilar anlt ellizminated the setiling anmmalus
ird increzsed tre LD ratln o 3:1 and core argle 3 T73°C. A
f.rther Ingresse In tme 1D ratlos 1o 6:) was ircorpormated 'nto
toel SelSlisn of toe Tedlsw Fzpoiined und.

() It ts comclided fro= these evalzatlons that cryszal-
ilzer design can 2n3d should te s5i=plifled as much as possitle and
“r3T tne I,D ratls shouild protatl)y be tetween 3:l and €:3.

() M=z-esfzls of Comsiruciisn (U)

[2) Tre 2irst tws orysiallicers were fzbyisatad o
Horesite <<23ted st22l, Imotlems were encouintered with Fallng
and piln noles inm tne coating, particalarly aroand welds and at
slope cranges. Design =dificazlizns and concdactivity checuas of
Hoie epalk Ifg prian w9 Use izgmowad the l18%e 37 ihe: €0t ing | BUT it
313 not ellizIinate cozpletely the deterloriilon proklem., There-
fore, 2althosgh Hereslite I8 Zefinltely compatilble wizth the alu-
=inm rydride systez 2t operating comditions, 't !s doabtfil Lhat
thisz gazerlial of con3trictlion 13 daratle enoogh for commerclal
Aappilcat tar fn "HhLsl pinbdeiess..

(C) Arm e@izatisn 57 other mater'ais of consirxtion was
deemed necesszary 0 eilminate prodict 22Rhesison D the vessel walls.,
A fliorinated etnylene-propylene copolymer (Teflion PEP) res'n was
fo.nd o give satstanclngs resslts In the laboratory as discussed
In Sectlon ALl., Inxlaling ine essentlal elim!ration 3 produice
aghesion, 23 significant medaoction in decompositian, 'nereased
ylells, and 2 rmedoced clean-ip tlre. AS 3 meg.:lt of th's wor,

2 1.bilar crystallilzer was fatkricated froa Stock ltems of Teflon
TR ined] oigel el RiTtinms

(Z) Z=Evszliation of the P=P-1%ned cryszallizer is ‘nco=plete.
Irsgectlion 2f the vessel 2fter four r™ins revea.ed that the lin'rn
n the 27 x 27 concentiric redxer tad sheared In the 2" rozzle due

-35-
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0 stresses generated during fatricarion. This irezz !n tne
linirg expossed the tase m=etal, =14 steel, =5 ==& s vts=3.l'rcer
82l.tion and resalted !in excessive decozpositiosn o2 the 2l =ini=
hydriZe., After several 22d!tilonal rums, the Teflsn FIPolining

in the coner and of the hotitom whBEEY 98 Moe Tolr ot nal fSEet s
deteriorated during a sirngle r:n. X-Pay 23r3’lyslis 2f 3 sa=ple
scraped from the liner reveale? ALPy (1Z-22%), ax? ezi3al a=pInts
of graphite ard Teflon. This dezerioration L& apracently 2 reac-
Tion of elther al=minxz hydrida and/or alizin.= with the Teflsn
PZ?. The ratire of this regsti:n and the conditions rejulred 1o
iritiate 1t are urnkmown, 2un conditions and clean-up procedires
were both nor=ai. The anliy okserved effect 37 the deteriorated
s.rface !3 2nxcreased prodxe: adhesion., Inm 2333!tinn o the atove
=ecRaniclal protile=y, @l five: remciii=g fray= @ ILAEGRESI STEER eEk

"as aiso hampered the evaliuation progTa=.

(C) Beat transfer !s a prokl ¢ <me pperatlion o7 t?
Teflan FIP-lined crystallizer. The calcaolateld overall neat v
coeffictent 1s less than 11 T, - /22 %P as cozpared o 32-
for Pfaudler glass-linel vessels operated inder si=Ilar condlic
The l1ouw heat transfer rate resu.lts htecause the Tefllon PE?P =
!9 not bonded 1o the tase metal. A benmrene vapsr ‘nlfecil
'ch ‘ncreases the total heat inpat has leen asperated, LUt eff:sr
of vapor Inlection on nacleatlion, crysial growth, £1., aTe

o

A g
i
'
7
'y
11
'

I RY IR

5

(C) In somary, the .se of Teflon 7P s a3 signiflzanct
step in the right direction. Prodact adhesion, althoigh still
present, s not of the same order of magmitide 2nmd =ay te related
o opEraling paramecers and/or crystalllzer Zecign, Siztlarly,
rest transfer 1s a protlem t.t 1t can te cvercocme bty .sing other
methods »f hexat input Sach as vapor n'ectizn, extermal heat ex-
chargers, intermal heat exchargers, etc. AZ3itloral work !s re-
Qaired to fully evaluate the :use of Tefllyn 7=P.

(3) M.cleation (U)

(C) The zechanisz ard conditlons o2 !nit!al rn.cleatlon
are extre=ely critical Iin deter=ining the appearamxce 2and giallcy
of tre final AlH4-1%31, Xuacleatlosn in the zluzins= nydride crys-
tallizer is accosmplisted by a “ther=al s S g Hour

methods, as shown in Plgire 10, have teen
reprocducitle resalts ottalned using Meriond 2,

(C) The firs: =ethod caons'sted of adding an ecner solu-
tion of almminam hydride, lith!im alminzsm hydrlde, and lient =
torohydride to amblent texperature berzene and heatling -ntlil
racleatiozn occurred, The long heating ti=me resulted !n excessive

deco=position !n the sslatlar., The secand =ethosd was adapeel o
redoce this heat trea'ment time, In this =methsd the mjydride sol.-
tion was added o preheated Yenzerne., The thlird methed comsisteld
of crarg!ng batch-wise the sa=e 3slitlion 0 holilling tenzense
This zmethod resulted in a temperature drop witno:t nucleat!
occarring. By reheating the solation to a higher temperatire,

-39-
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nacleatian could he sktatred. The foirth zethod s 3 vartatlon o7
She Helisd it the Ln teping Geed Ungimadized Jnen 3gesiaiol ziee
(22-3C =inites), malntaln'ng a h'gh temperatire, TnL3 2 1oW etrer

concentmation.

(C) Tre apparen: nicleatllon mechanis=, 1 tre cons tizns
are righz, 13 2irectly %o well-for=ed c.ites of AlEj-l~Sl. Tre
degsemisf cop3tallinity vends t3 Jegenenate wiln Yime Zlincel the
ITystal growth rate '3 maplld; some agglocmeration has 3lso been
noted. Pirmally, 't 13 essentlal 0 ell=!rate concenirition
gradlents !n the crystallizer to prevernt the Continiois nic.ea-
tion of the indesiratle A_By-l1144 phase,

(2) Purther conzideratlon of nacleatlsn 4373 generatesl
ir tHe gantiney s OrysHallizer Shoxdl that this chontnsilins =3Tas -
etiareg] re: the 37 =it = GyintdE concenmratisn, Hhe Fexperat ine
(ez=er comcentratiasn), 23rd the addisive hy2ride corcentmation,
Sirce al=!no= hydride eox!sts !n 3t leas® seven polyzorphlc, non-
solvazed crys:allline forzs ard severil 3o.vatad orystallline for—s,
{1 13 !=practical o Zevelop a trie phase Jlagran shoelng tre
relatiznship of the various al=in= "yiride crysta.llre phises,
glizin= nydride corcentration, temperitire, atrner concentrmation,
3dditive hydride corxertratinx:, etc. Howaver, 2 working Z2lagra=
which f.t3 ex!sting 23az3 has teen developed and (s presenteld n
Pigore 11, Tre al=in_m hydride concentrmation 1s tased on tne
t2%al valz==s 37 soivent present in the cry3tallliler 3t the tl-e
2f ncleazisn. The temperature 13 a2 fuixctliin of the ether conzen-
tr:Tion a3 it rerresents tre Mnllilng nolint oF he sincr - Lenleén-
Solvent SysSte= at atmoa3pheric pressire.

c 20 'n the "tatenr” crystalllier s s
Jirve 1 in Plgure 2 and 12; becaise of the expanded sc
TEal loxen 2ary o9fF thle cianwe 'S lsed Jor Piglt-e il I ¥ o
Tre molar corcentratlion at aucleazicon 3 approxizmitely C.09 ¥
TS .2°C. with rizcleation occurTing as Alliy-lii2 and proce
ThTo4gn ALE3-1333 to AlEy-l1:31.  AlH3-.++~ w3as ottalned !f tne
To=gerature was OO .OW 3T 100 high 4t niocleatlzsn., Corve 1 !s
typical of 2 large nuxmber of runs made onder the3se conditlons.

(C) In the contin.ous crystaillzation st.dles in the
laboratory ising the "ther=al seeding” technizue (Method 1) the
comcentratiaon of aluzinim hydride was Iniw’alliy set at C.D1¢T M.
Xicleatlorn in L3 case occurred as AlEy-1~+33 followed bty conver-
Slon 0 AlKs-1-2l., Th!s zmethod 35 rerresented ty Jirve 2 in Plgire
1. The same tectniyue and cancentration, however e
direct nicleaztion 37 AlEs-1+51 'n the 273 crystall s
telleved that the differerce resilted froz= a3 significant a=ount
& cdlecs=posiitior In the, T Puntit 3t the time Of these 8todles
wnich medaced the concentratline a3t nuicleztion o 2.0I+-0.222 0w,
38 shown in Cuirve 3, Fligore 11. Mocle2tlion 3T concentratlions
saeer than 0.005 H 'z the laboratory does reszit in the 2irecs
nocleatlon of AlH5-1451 as would e expected. Agaln, Carves 2
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:nd X are typlcal 2f 3 large na=ter of rins muade under these cono!l-
tions. Resalts phtalned L:ing the "inermal seeding” technizles
‘o Yetneds 2 and 3 can te si=!larly interpreted. DJata for severa.
r.ns .5.ng Pethod <« are 2also sweam in Pigure 11, Additlioral rmun

2 ed| f4e5

oS i !e:nod 4 nave sarstantlated the condi<ions regu
irect nunleatlion o5 AlH4-1551.

(C) The fundazental dilference between Method <+ and the
Jther three “theremal seedi:g" cechnizaes and the “taich” technizue
LI B *e noted by reference 3tz Plgiure 1ll. Instead of approachin
she nucleatlon tecperature fron the left (AlX4y tn salution), nacle-
az Yo ty Mathod & proceeds froy the right according %o tne soltld
lire (Taé) If nicleaticn pro-s e'ds in a nor=al manner, he ala-

3ride concentration re=alins telsw C.0725 M with spprox!-

=3te.y tne same amd.n: teing resoved by crystal growth as 1s aldec
“y so..stlon. If for some reason (lmpurities, etc.) n;cleat:an 3ges
"I OCCcLr, thr alominum hydrile concentration increases abo

225 M (hbroken line) and enters a Teglon where Ald,-1335 lxg-

- e, e -~

~~32 3ard other extraneous phases nucleate,

- m
.-

1

I

H

(C) I: !s apparent :rc= these da%a that the alumina=
rnydrllie concentration 3t nacleation 1s a controllling factor. The
-frer corxentrmation lin!t t3 ottalin AlE3-1+S1 dilrectly s approxt-
=azely .25 M. Corcentrations above whis L=t uszally yleld
AlEa-l~~- 2% %he higrer te=jera: The one exception != wnen
3 L3arge excess of llthigm 3'~-'n;= ry“.-_ i3 present in the Crys-
22 !rzer 3t riacleatlisn. This terds to expand the regloan for clrec:
n.cle 2950 5f AlHa-1+37 [ararred wesalcs) anmd acpearz s ;lay 3
~cle 'n the nxleatisn mechanisa. Plrally, it shoild bt e-phas:zed
trat tne exact sihapes of .“e phase cirves, thelr exact ipcatlon on
t=e 2lagra=, and the relative areas ire only approxizate and repre-

sernt a valuabtle working dlagraz cons'stent «ith all avallatle Za:a.

2) Para=eter Studtes (D)

(C) The m=ost slgnificani pzrameters in the ala=!r.= hyiride
!zatlon process ars belleved to be aglitatisn, crysctal

tiz=e, fced rate rnd additive hydride conceniratlion.
3 other parameters studied are discussed bhelow.

(a) Azt-azlon (U)

(C) Agltation affects the crystallinity of AlH3-1251 and
the crvstal retention time, but has little, if any, affect on
prodxct 3dhesion 2o vessel walls, The effect on product agglomera-
220 !s not kown. These conclasions are based on otservations
=2de !n a large nu=ter of rurs n which three tvpes 37 agitator
1&n3 were evaluated. Designs include propeller, anchor, and
drtine type3 coperated with arnd without draf: tubes, and with bosh
pwand 2 downward draf:. Speed has been varied from 50-300 mma.
ne .se of taflfling ..as not 2een thoroughly examined, as intem™mal
s.rface area has been minisirzed due to the product adresion problen
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demonstrating that AlHa-1451 can be crystallized at significantly
higher feed rates. The maximum rate depends on many factor such
as nuclel size, distribution, effects of impurities, etc., and has
not been established. Rates up to 0.13 moles/1liter/hour have been
used 1n laboratory back-up work.

(d) Feed Concentration (U)

(C) Solubility data of the etherate of aluminum hydride
in diethyl ether have been presented previously (3). A method was
develcped to permlt the holding of more concentrated solutions.
Recently 1 M ether solutions of aluminum hydride have been success-
fully used. These solutions were made by rei.ting ether solutlons
of AlCla, and LiAlH4 at 0°C. and maintaininy the resulting solution
at that temperature. More concentrated solutions were used 1in the
laboratory to make AlH;-1451 and should, therefore, prove practical
on a larger scale.

(C) The more concentrated feed solution permits the addi-
tion of more aluminum hydride per unit volume of ether, which must
be removed as distillate. Another method of accomplishing the
same objective 15 by diluting the feed soclution wlth benzene, main-
talning the concentration, based on total volume, constant. This
has also been evaluated using benzene concentrations in the feed
solution up to 75 vclume % with an aluminum hydride concentration
of 0.25 M, i.e., a concentration of 0.75 M btased on ether alone.
Higher benzene concentrations are possible; however, premature
precipitation of the aluminum hydride cometimes occurs. The dis-
advantage of this technique l1s the lncreased amount of solvent re-
cycle requlired.

(e) Feed Injection Point (U)

(C) The position of the feed injection point was found to
be critical for proper nucleation of AlHa-1451. If it was placed
in a position where concentration gradients could exlst, a mixture
of AlHz-1451 and AlHa-1444 phases resulted. Proper nucleation of
AlH5-1451 wlithout other phases was obtalned by injecting the solu-
tion through a dip pipe into the bulk of the circulating magma
near the agitator.

{f) Additive Hydrides (U)

(C) The early runs in the DTB crystallizer contained both
LiAlH,; and LiBH4 in equal concentrations. Problems were encountered
in keeplng both hydrides in solution in the continuous process, and
1t became necessary to study the effects of each of these additives.
It was known that AlHs-1451 could not be made unless LiAlH, was
present, but the necessity of LiBH4 was 1in doubt. Work was there-
fore 1initiated to evaluate the effect of LiBHy. Originally, NaBH4
was added to the reactor to generate some LiBily in situ. 1In later
runs the only LiBH4 present was that generated during the NaBH4
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treatment step., It was found that LiBH, was not required to nu-
cleate and grow AlHa-1451. Furthermore, product quality did not
appear to be affected, as product from a series of runs was white
AlH3-1451 possessing a cublc crystal habit and a thermal stability
of 7 to 10 days before reaching 1% decomposition at 60°C. Other
physical and chemical properties were comparable to materlal made
with LiBH4 present. Later work has shown, however, that LiBH4 in
the 1nitial feed solution gives more consistent nucleation, espe-
clally when the hydride has been doped with mag: esium. Tt 1s con-
cluded from this work that LiBH4 1is not needed in the continuous
process where 'steady state" conditions can be attained, but does
have a beneflcial effect on nucleation. This 1s probably related
to the increased solubllity o L1AlH,.

(C) Excess LiAlH4 alsc creates problems during crystalli-
zatlon since 1t becomes extremely difficult to maintain the optimum
concentration. The feed solutlon must contaln a very slight excess
of L1AlH4 which 18 necessary for desolvation yet the increase in
concentration must be held to a mimimum during crystallization.
During the first part of the year stoichiometry problems prevented
direct control of the Li1AlH4 concentration, but after the flame
photometry technique was developed the exact amount of LiAlH4 in
the feed solution could be determined. This analysis resulted In
much better control of thils parameter. .

(C) Magnesium 1s incorporated into the crystal lattice of
ATTT INEYT Wy AAAL e A T T U U I T Ty rare_[anrr 0\
ALz -1 1 Oy aGalng an €uner-304uvlc MmagnedSidm SPEC LIS, LUK ALN4 3,
to the aluminum hydride feed solution. The lncorporation of mag-
neslum 1s discussed in a later section.

(g) Temperature (U)

(C) The temperature of the crystallizing medium 1s a
direct function of the ether concentration in the ether-benzene
golvent since all work has been done at atmospheric pressure. The
effect of equilibrium temperature ranging from 75°-78°C. (8 to 4
wt. % ether) has been evaluated with essentially no affect on
growth observed., The equilibrium solubility of aluminum hydride
is too low for growth above 78°C. and too high for nucleation as
AlH3-1451 below 75°C. The temperature for nucleation, however,
is critical.

(5) Types of Decomposition (U)

(U) The decomposition of aluminum hydride on the vessel
walls has been a maJjor problem in the development of the continuous
crystallizer. Three types of decomposition during crystallization
have been defined. One 18 related to the thermal sensitivity of
the material and the other two are related to the presence of
impurities. Techniques have been developed to effectively cowntrol
the rate of decomposition iIn the crystallizey for periods up to
8-10 hours,

A
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(a) Thermal (U)

(C) One type of aluminum hydride decomposition is thermal.
It 1s a function of the time the aluminum hydride 1s in the crys-
tallizer at the elevated temperatures required for desolvation and
crystallization. Tnls type of decomposition can be controlled by:

(1) Decreasing the crystal retention time. |

(11) Reducing tne crystalll:zer wall temperature.

(111) Reducing tne crystallizer solution temperature.

The first two approacnes have been actively pursued and have re-
sulted in an improved product. It appears, however, that the
minimum temperature for crystallizaticn 1s about 75°C.; below this
the rate of desolvation and conversion becomes too slow for prac-
tical use. The optimum temperature appears to be between 75°-80°C.,
which 1s the range of the ether - benzene system belng used,

(b) Catalytic Surface Decomposition (U) -

(U) Another type of decomposition 1s catalytic surface
decomposition, caused by impurities on the surface of the vessel
wall. This type can be controlied by using a non-porous material
of construction such as polyperfluorcethylenepropylene copolymer
(Teflon FEP) and/or by surface treating the crystallizer Just
prior to start-up with a very dilute ether-benzene solution of .
lithium aluminum hydride., The latter technique has been demon-
strated on both glass and Heresite in the laboratory and in the
larger scale crystalllizer, .

(c) Solution Decomposition (U)

(C) Solution decomposition 1s caused by impurities in the
crystallizing solution; 1t 1s also related to the compatibility of
the materials of construction with the aluminum hydride at process
conditions. The only effectlive way to control this type of decom-
position 1s by quality control techniques and the selection of
compatible materials of cornstruction. Quality control is a sig-
nificant part of the existing program.

1 .-

(U) Irpurities are introduced from various sources in-
cluding raw materials (AlCla, L1AlH,, diethyl ether, benzene),
reactlion by-products (LiC1l, AlY¥.Cl, etc.), the atmosphere (02 and
H20), cleaning residues (HC1l, H20, and/or reaction products) and
aluminum from the decomposition of aluminum hydride.

(U) Impurities in the aluminum chloride are primarily
trace metal chlorides. A typical emission spectroscopic analysis
1s shcwn 1n Table VI. The preparation procedure of aluminum
chloride solution Includes a hydride treatment step with elther

A )
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NaBH4, NaAlH4, or LiAlH,. It 1is belileved that this treatment re-
moves the transition metals (Fe, Zn, Ti, etc.) which are known to
be detrimental to the stability of aluminum hydride. Emission
spectroscopic analysis of the aluminum chloride so0lid after treat-
ment does not reveal a noticeable difference in concentration cof
any of the detectable metal ion(s), but the presence of Ti and Zn
in the hydride residue has been identified by X-ray analysis.

Table VI

(U) Typical Emission Spectroscoplc Analysis
of Reagent Grade Aluminum Chloride

Metal Concentration, ppm
B <25
Ca <250
cd <50
Co <50
Cu <25
Cr <25
Fe 190
Mg <39
Mn <5
N1 <25
Pb 48
Si 70
Sn <50
Ti <25
v <50
an <100
Zr* <50

(U) The lithium aluminum hydride 1is approximately 95%
pure as determined by elemental analysis. The insoluble portion,
which 1s removed by filtration, contains oxygen as determined by
neutron activation analysis., It 1s belleved that the resulting
litnium aluminum hydride solution 1s free of detrimental impuritiles
with the possible exception of trace amounts of LiCl.

(U) Mallinckrodt diethyl ether, Grade 0848, appears to be
free of detrimental impurities, The benzene 1s monitored for im-
purities, including sulfur (<5 ppm), unsaturation, and aromatic
and aliphatic compounds. All of the ether and benzene 13 distilled

-49-
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from lithium aluminum hydride and treated with molecular sieves
prior to use. Impurity tuild-up in the recycle benzene 1s sus-
pected; however, efforts to lsolate and 1ldentify any specles have

failed.

(C) It is known that soluble chlorides such as AlCla,
LiCl, AlH>Cl, etc. wlll inhibit nucleation and/or initiate decom-
position., The effects are noted when the feed concentration of
soluble chlorides exceeds 0.001 M (a mole ratio of 1 C1:300 AlHa).
Soluble chlorldes are removed by 1reaction with NaBH4 in a feed

treatment step.

(C) Contamination from air (02 and Hz0) 1is known to
affect nucleation and stability as well as cause phase problems
(AlE3-1717 and AlY43-1563). The clean-up procedure includes the
purging of all equipment prilor to use with copious amounts of
nitrogen supplied from a liquid nitrogen source. Water and oxygen
analyzers arc used te monltor the ceoncentrations of these impuri-
ties in the ppm range. Cleanling reslidues which can remain in the
crystallizer include HC1l, -0, etc. The cleaning procedure in-
cludes several steps to minimize residues.

(C) The catalytic decomposition of aluminum hydride on
the vessel walls is primarily a surface phenomenon and may be re-
lated to dit'fusion of impurities to and/or into the surface of
the vessel wall. A treatment of tne vessel witn lithium aluminum
hydride has significantly reduced tre amount of tnis type of
decomposition.

(C) Careful observations of the crystallizatlon system
have shown a residue always forms In the distillatlon column,
condenser, and solvent recovery still. In addition, a flocculent
solid was recently recovered from the recycle benzene storage
tank. Furthrer searching revealed a s0l1ld coating on the packing
in the solvent recovery column. Elemental analysls of a sample
recovered from the column showed th2 following welght percent:

B, 6:9, H, 2.8; &L, 25.7% By 2165 gy, Ws2; €y 570, EiVLeg a mate-
rial balance of 98.2%. This material 1s known to be detrimental
te both the nucleation and thermal stability of AlH;-1451. Hcw-
ever, 1t 1s rnot knovm how this material is formed or how it is
carried to the top of the distillation column and to the solvent
tanks.

(6) Cleaning Procedure (U)

(C) The cleaning procedure for the crystallizer 1is ex-
tremely critical in controlling aluminum hydride decomposition
during processing. The procedure is time consumirig and detalled.
It consists essentially of the following steps:

-50-
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(1) Acidizing with a 5-6 wt. % solutlon cf hydro-
chloric acid at elevated tewperatures.

(11) Rinsing thoroughly with distillled water
(condensate).

(111) Air drying at elevated temperatures fecr 2-3
hours.

(1v) Purging with gaseous nitrozen to remove alr.

(v) Benzene distillation to azeotrope the re-
malnlng water.

(vi) Treatment of the crystallizer surface with
a dilute ether-benzene 3olution of lithium
aluminum hydride.

(U) The above procedure has been evolved over the past
18 months and is now the standard operating procedure. Various
other steps such as HF treatment, ether rinses, acetone rinses,
etc. have be~n evaluated and rejected. Attempts are continually
belrg made to further improve solution c£tabllity by lmproving the
clean-up prnocedure. Techniques to reduce the time required for
clean-up were investigated, bLut additional work is required in
thils area.

(C) Tereatment of lhe aluminum hydride crystallizer with
a dilute solution of 1litnium aluminum hydride in an ether - benzene
Solvent system har been demonstrated to effectively control alu-
minum hydride decomposition on vessel walls. The procedure in-
cludes the addition of a small amount of lithium aluminum hydride
solution to the crystallizer containing a mixture of ether and
benzene. The solution 18 theri heated, whlle belng agitated, and
dralned to the spent solvent tank. The treatment 1is effective 1n
benzene, but solids (LiAlH4 and/or reaction products)} precipitate
and are difficult to remove. The concentration of 1lithium aluminum
hydride in the crystalllizer based on the total volume of solvent
present has been varied from 0.7-2.5 mmolar. The treatment 1s
beneficial at the low concer.tration but 1s not as effective below
about 1.0 mmolar. The treatment time has been varied from one-half
to two hours and the temperature from ambient to 80°C. with little
change 1n effectiveness. It 1in believed the L1A1H4 1s reacting
wlith 1lmpurities in the pores of the vessel walls and/or with the
Heresite surface, thereby passivating the surface. This treatment
technique 1s being further evaluated wi+th the FEP-lined vessel,.

(7) Product Adhesion (U)

(C) Adhesion of AlHs3-1451 vo the vessel walls of the crys-
tallizer remains a problem. It 1s no' a function of crystallizer
deslign or degree of agitation but is 1lncreased by the presence of
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solid 1lithium aluminum hydride. The adhesion rate to Pfaidler

glass and Heresite increases with run time with the "point of
diminishing return'" reached in 3-5 hours after nucleation. In a
recent series of runs (25) in the Heresite tubular crystallizer,

the run time was limited to 3-4 hours with product recovery averaging
50-60 wt. %. Runs under the same conditlons, but lenger, result 1n
significantly lower recovery.

(C) Laboratory work, detailed in Section A.l., revealed
that product adnesion could be ecsentlally eliminated by using
Teflon FEP. This work lcd to the installation of the nine-gallon
FEP-11ined c: ystalllzer dlscussed earlier. Adhesion does »nccur “n
the larger scale unit; rnowever, 1t 1s radically ulfferent from that
nbtained on 2ither the Pfaudler glass or Heresite surfaces. The
adhesion occurs in the fornm of "sheets" of crystals, analvzed by
X-ray diffraction as 1C02% AlHa-1451, which "flake'" after a period
of time. This indicates tnat the product 1s not tightly bourd to
the surface as 1s the case In toth the Pfaudler glass and Heresite
units. A water spray will rerove mocst of the coating at the end
of a run wnereas acidlizing 1s required in tne other unlts. Based
on these observations and laboratory cdata presented in Section A.l.,
the adhesion may be a functlon of crystallizer design, agltation,
inner wall temperature or some other system parameter.

(C) In summary, the use of Teflon FEP is a significant
step in the right direction. Product adhesion, althnugh still
presen*, 15 not of the same order of magnitude and may be related
to operating parameters and/or crystallizer design. In addition,
other similar materials of construction should te evaluated. Addi-
tional time 1s requlred to evaluate these alternatives and to
develop a crystallizer wnlch can Le operated for several hours at
realistic feed rates with minimal product adhesion.

(8) 1Incorporation of Magnesium (U)

(C) Magnesium ls routinely incorporated into the crystal
lattice of AlHs;-1451 via the continuous crystallizer using the
solution technique developed in tne laboratory. The doplng agent
has been shown to be the complex hydride, LiMg{AlH;)s. A maximum
magnesium concentration of 1.83 wt. % has been incorporated. The
magnesium yleid averages nearly 1lu.%, l.e., essentlally all the
magnesium added to the feed solution i¢ Incorporated into the AlHz-
1451 lattice,

(C) The early runs were plagued witn precipitation of
the doping agent, LiMg(AlH4)a during crystallizatlon, particularly
at nucleation where the etner concentration was low. This hac been
eliminate ! by increasing the concentration of the additive hydride,
LiA1lH4, an¢ by adding LiB=4 to the feed solution.,

(C) The effect of the magnesium on product stability re-
mains a question. Some samples show improvement; for example, run
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163 A (1.10% magnesium) required 28 days to reich 1% decomposition,
while others, such as 176 A (1.18% magnesium), decompose more
rapidly than the ncrmal material. Simllar ebtnormalities exist in
the non-magnesium-doped samples. The averag= normal sample re-
guires 8 to 10 days to reach the 1% decomposition level, whereas
154 A required 19 days to reach the same level of 3ecomposition.

(9) Reaction Stoilchiometry (U)

(U) A technique has besn developed to Jdetermins the exact
Stolchlometry of the alumlnum chloride-llthlum aluminum hydride re-
actlon using a flame photometric method. Detalls of the experi-
mental work and tne procedure are presented in Sectlon A.1.1. Thi=s
method has been made standard operating procedure for the continuous

crystallizer runs.

(10) Post Treatment (U)

(C) Selected samples have been treated with an ether solu-
tion of diphenylacetylene (DPA) using techniques developed in ihe
laboratory and discussed in Section A.l. Results are too preiimi-
nary te draw any conclusions; however, based on laboratory data,
treatment of the hydride before vacuum drying significantly im-
proves product stability.

(11) Production (U)

(C) A goal of thls work was to produce samples of the
best possible quality AlHs-1451 for complete characterization,
Difficulties with product adhesion have slowed production, but
pound samples have been supplled to selected organizations.

B, FUNDAMENTAL DECOMPOSITION STUDIES OF ALUMDIUM HYDRIDE-1451 (U)

(U) Efforts to develop a sound theoretical explanation for
the decomposition of aluminum hydr.de have been made throughout
the past year., Tallanl data, X-ray data the theory of color
development, and the principles of solid state physice have been
applled to this problem in the bellef that a better understanding
of the processes wlll lead to Improved methods of stabilizing
AlH3-1451.

1. Mechanism of Decomposition (U)

(U) Previous 3tudles suggest that the decomposition ci alu-
minum hydride should be interpreted in terms of 2 three-stage

process:

(1) The initial reaction occurring at the surface
of the crystals,

H: -+ H: + e
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(11) The formation of stable aluminum nuclei,

(111} The reactlion occurring at the interface between
the AlHs3-1451 and the aluminum metal.

The last two processes, nucleation and nuclel growth, are inde-
pendent and will vary with time, but the nucleation process 1s
probably tne more important if the thermal stabilization of alu-
minum hydride 1s considered.

(U) Data accumulated from various decomposition studles sub-
stantiate the bellef that the initlation of decomposition occurs
primarily at the surface of the hydrilde crystals. As a result,
there is a particular interest in further understanding and eluci-
dating the mechanlsm involved in the first stages of the decom-
position process.

a. The PFPormation of Stable Aluminum Nuclel in the Lattice by
Radiant Energy and Electrical Fields (U}

(U) The formation of stable aluminum nuclei primarily at the
surface of the AlHs;-1451 lattice is telleved to be the result of a
three-step process as follows:

(1) The diffusion of a non-equilibrium concentration
of anlon vacanciles through the hydride by a
vacancy transfer method.

(11) The formatlon of "germ nuclei" by capture of
electrons by the vacanclies at the surface, 1im-
perfections, or graln btoundarles,.

(111) The coalescence of "germ nuclel" to form active
growth nuclel,

(U) Closely assoclated with these phenomena are the appear=rce
~f color in aluminum hydride and 1its behavior as a semi-conductor
(4#). At elevated temperatures 1t usually changes to an off-white
or gray after only a few tenths of a percent decomposition, gradually
changing to black with increasing decomposition. Ultraviolet ir-
radlation, visible light irradiation, electron tombardment, and
gamma irradiation of the hydride change 1ts color from white to
light brown or black.

(U) The formation of color centers by irradiation 1is probably
due to a displacement of the elements 1n the solid lattice from
their equilibrium position; this gives rise to an electrenic im-
balance in the solld and results in an exclted state for the solid
with an accompanylng loss of symmetry of the bonding electrons in
the AlH3-1451 lattice.

(U) Color center formation 1s a function of the thermodynamic
temperature and susceptibility of the solid to radiation (5). The

-S4~
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thermodynamlc temperature Ilmparted locally to AlHz-1451 by irradia-
tion with visible, ultraviolet, or gamma-rays, could easlly exceed
60°C. which 1s probably above the threshold temperature for the
onset of decomposition of the hydride. It would also be expected
that the more energetic forms of radiation would increase this
exciltation. Althcugh no quantitative data are available, qualita-
tive observations indicate that ultraviolet light 1s more detri-
mental to stability than visible light, and that once the electron
in the solld has been exclted, the process 1s irreversible except
perhaps at low temperatures (-15°C) over a long period of time.
After excitation and attainment of more freedom by the electron,
the bonds in the hydride lattice are more easily broken.

(U) As a seml-conductor, aluminum hydride possesses two bands,
one a non-conducting band and the other a conductlon band. At a
glven temperature the movement of electrons between the two bands
is a steady state exchange. This equilibrium is changed by the
presence of an electrical fileld, since electrons in tihe conduction
band will couple with the electrical field, and the probabllity of
their falling back to the non-conducting band 1s reduced, walle
motion 1in the reverse direction 1is unaffected. 5

(U) An indication that the above process is operative is shown
by the effect of an electrical field on the thermal stabiiity of
AlHa-1451 at elevated temperatures. Figure 13 illustrates the re-
duction in the length of the induction period of materials placed
between an electrical fileld at 100°C. The presence of an electrical
field increases the number of elecirons in the conduction band to a
value above that normally found at that temperature., This over-
population of electrons in the conduction band, whether placed there
by an electrical field or electromagnetic radlation, adds energy
to the lattice and promotes a metastable condition conducive to
initiating decomposition of the hydride. Thils factor alone would
probably not be enough to give rise to the decomposition of AlHs-
1451, but in comblnation with its thermodynamic instability and the
unsymmetrical situation existing at the surface of the hydride, 1t
does become very important.

b. Decomposition of Aluminum Hydride-1451 by the Loss of Surface-
Terminated Hydrogens (U)

(Ug A more complete understanding of the crystal structure of
AlH3-1451 has led to a critical examination of the structure and
bonding which exist at the surface of the hydride. If the mechanisms
by which surface decomposition 1s initilated and continues to progress
are understood, 1t should Le possible to eliminate or greatly reduce
the rate of decomposition of the hydride.

(U) TheAlHs-1451 structure 1s a completely hydrogen-bridged
three-dimensional network with aluminum atoms equidistant from each
other at the points of a rhombohedral lattice and octahedrslly bonded
to 3ix hydrogens. The latter are located off-center of the cell
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edges. This configuration represents an "electron deficient"
molecule, since there are more usable atomic orbilts available than
there are electrons to fill them. The result 1is a structure of
three-centered, hydrogen-bridged bonds which consist of three
orbitals occupied by two electrons in a manner similar to the
hydrogen-bridged bonds in diborane. For purposes of accounting
each hydrogen 18 assumed to contribute one electron, and each alu-
minum one-half electron to the orbiltal.

(U) 1In addition to the bridged hydrogens which make up the bulk
of the structure, there are terminal hydrogens at the surface. The
bond in this case 1s a '"mormal" localized sigma bond with aluminum
and hydrogen each contributing one electron to the orbltal.

(U) The initial decomposition reaction involving loss of
hydrogen at the surface can be Initiated by two reactions:

2{A1-H-Al} - 24A1-A13 + Hat (1)
{A1-H-Al:Hy - 4A1:A13 + Hp (2) -

The first reaction denotes decomposition by loss of hydrogen from
two ad jacent hydrogen-bridges; the second results from reaction
between a surface terminal hydrogen and a hydrogen bridge.

(U) Both reactlons create anion vacancies whilch subsequently
lead to active growth nucleil and further decomposition. In addi-
5 tion, a resonance effect, shown in Equation (3), which results from
two aluminum atoms sharing one electron, Equation (1), probably
contributes to the formation of color.

+

AlA + AlB

+ -
= AL, o+ Alg (5

(U) The loss of hydrogen from the surface at h!ghly exposed
areas such as corners and fissures destroys the AlHy- 1451 lattice
and changes the bonding of the aluminum atoms. As a result, there
1s a shift in the electron density of the aluminum and hydrogen
atoms. The hydrogen 1in the surface plane will move up and out of
the plane to produce a sawtooth effect, as shown below, to compensate
for the initial loss of hydrogen.

/H\ —'H\ /H\ /H\
Al Al Al Al Al

(U) These hydrogens are now less stable than those in the
interior of the crystal and consequently may also be released as
molecular hydrogen. The result is a slow loss of hydrogen at
first (the initiation perilod) followed by an acceleration of decom-
position as the stable nuclel formed during the induction period
continue to grow.

=57 '=
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(U) These theoretical considerations of surface structure and
bonding explain why surface treatments can reduce the rate of decom-
position. This result 1s probably achieved by providing:

(1) A more stable bonding situation for the orbitals
of the aluminum at the surface.

(11) A reduction ir the aluminum and especially hydro-
gen moullity at the surface resulting in a reduc-
tion in crystal stress.

(111) An electron sink by tying up the electrons freed
by loss of hydrogen.

2. Magnesium Stabilization (U)

(C) The incorporation of magnesium into the crystal lattice
of AlH3-1451 made by the batch process was found to significantly
reduce the decomposition rate, although the type of solid solution
formed was not known. More recently, however, it has been found
that the effectiveness of magnesium stabllization also depends on
the process used for making the hydrlde, and thils has led to a more
thorough study of the location and probable effect of magnesium 1in
the aluminum hydride-1451 crystal lattice.

a. location of Magnesium in the Hydride Lattice (U)

(C) X-Ray diffraction patterns of magnesium-doped hydride
show no new lines, but do Indicate a unit cell expansion which 1is
proportional to the magnesium concentration. The absence of any
new lines, whlch would be characterlstic of the formation of a
super-lattice or precipitation of a new phase, suggests the mag-
nesium 1s randomly incorporated into the lattice.

(C) Density measurements of magnesium-doped hydride have re-
sulted in the location of magnesium in the hydride lattice. The
density of a series of pilot plant samples containing varying con-
centratlions of magnesium was measured by a helilum densitometer.
The measured densities were found to decrease as magnesium concen-
tration increased as shown in Figure 14 and Table VII.

(c) Comparison of the calculated theoretical density with the
measured density indicates that magnesium forms a substitutional
solid solution. The measured and calculated densitles and unit
cell dimensions for each sample evaluated are given in Table VIII.

(U) The following formula was used to calculate the theoretical
density:

nM

P = v
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Density
Number of moles per unit celd
Molecular weight

Avogadro's number

Volume of unit cell (A%c /3/2 |
for hexagonal system) i

< » 2 3 U
i

A density of 1.477 was measured for the macrocrystalline sample i
compared to 1.4768 g./cc. calculated using the above formula and -
measured unit cell dimensions given in Table VIII. ;

Table VII |
(u) Summary of Density Measurements of Pilot Plant Samples |
Sample Number Wt., & M Measured Density, g./cc.
020254 None 1.477 i
040354 None 1.473 }
QX 018 0.41 1.468 L
01286 0.48 1.468
X 019 0.51 L4772
01206 0.63 1.455
01216 0.67 1.469
01316 0.81 1.472
05106 1.26 1.463
05066 1.62 1.460
05195A 1.70 1.462
05136 Y, Al 1.458
Table VIII

(U) Comparison of Theoretical and Measured Densities
Density, g./cc.

Theoretical
Cell Dimensions, Substitu- Inter-
Hydride Type a c tional stitial Normel Measured
Macrocrystal- L.4hg3 £ 11.8037 1.4768 1.477
line 0.005 0.002k
Magnesium-~ L.b609 + 11.8L28 & 1.4617 1.4884 1.460
doped (1.62% 0.005 0.0016 1.4607%  1.4904%
Mg)
8Corrected for valence.
-60- .
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(C) The theoretical density of the solld solution fcrmed by
the addition of magnesium was calculated assuming:

(1) The magnesium 1is substituting at random for an
aluminum atom in the crystal lattice forming a
substitutional solid solution.

(11) The magnesium 1s accommodated in the inter-
stices between the aluminum atoms forming an !
interstitial solild solution.

(C) Because no iInformation 1s avallable to indicate mainte-
rnance of crystal neutrality when doplng the crystal with magnesium,
the densities were calculated by two different methods:

(1) 1Ignoring crystal neutrality, and

(11) Correcting the hydrogen value for the amount
of magneslum present.

The differences 1in density resulting from the valency correction -
are small as shown in Table VIII.

(C) A comparison of the measured value (1. Mbo ./ce.) with
the calculated densiticc asruming substitution gl? and 1.,4607
g./cc) or interstitial (1.4884 and 1.4904 g./cc. ) magnesium place-
ment indicates the magnesium-doped lattice represents a substlitu-
tional solid solution phase. Excellent agreement was obtained
between density and magnesium concentration as shown in Figure 14,
The density of samples prepared by different processing techniques
was also determined. Table IX summarizes the measured and calcu-
lated density values for several lots, The density of the samples
contalning magneslum was calculated on the assumption that the
magnesium 1s forming a substltutional solld solution. The good
agreement between measured and calculated density values does show
the magnesium 1s entering the lattice substitutionally, regardless
of the processing technique used to prepare the material, There-
fore, other factors must be responsible for the observed differences
in thermal stability noted in Section A.l.Db.

b. Process Effects (U)

(C) The incorporation of magnesium into the crystal lattice
of AlH3-1451 has been shown to significantly reduce the rate of
decomposition. However, recent data indicate that the role mag-
nesium plays in the stabilization of the hydride 1s much more com-
plex than originally thought.

(C) It is now known, as a result of process studies, that
Incorporation of magnesium, per se, 18 n.t sufficient to guarantee

stabilization of the hydride. The effect of process changes on
stabllity is discussed in detail in Section A.l.b. These studies
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have shown the macroproperties, such as lattice expansion, mag-
nesium concentration, particle size, chloride content, etec., are
not suffilcient to predict stabilization.

Table IX

(U) Effect of Preparative Method on Magnesium Incorporation

Preparative Density
Sample No. Method % Mg Meas. Calcd. DAFS ..
040354 Pilot Plant None 1.473 1.4758 0.0028
051C6 Pilot Plant 1.26 1.463 1.4629 0.0001
05136 Pilot Plant 8 a7l 1.458 1.4611 0.0031
05195A Pilot Plant 1.70 1.462 1.4637 0.0017
9974 -19B Lab Batch None 1.442 1.4766 0.0346
9974 -19C Lab Continuous lone 1.466 1.4767 0.0107
9569-16 -1 Lab Batch 1.92 1.461 1.4577 0.0033
655-166AB Mini-plant 1.83 1.456 1.40610 0.0050

Continuous

(C) It has been shown by many different techniques that the
ascomposition of the hydride occurs predominantly at the surface.
The lengthening of the induction period or stabilization caused by
the incorporation of magnesium should, therefore, be considered in
terms of changes whicn occur at the surface of the hydride due
to the incorporation of magnesium. It 1s known from structure
studies of AlHs-1451 that different crystal planes (faces) will
possess different populations of alumlnum and hydrogen atoms at
the surface. It may be possible that magnesium incorporation must
be accompanied ty certain crystal faces in order to cause stabili-
zation of the hydride. g

(C) Assuming this hypothesis is correct, a change in prepara-
tive process could eacily change the morphology of the AlHz-1451
crystals., Hence, stabilization is not observed iIn the laboratory
contlnuous crystalllization process, even though magnesium 1s 1in-
corporated, because the crystal faces represent different planes
of atoms.

(C) Depending upon which crystal face 1s present, surface
terminal hydrogens may be exposed, and, when lost, contribute to
the 1nitiation of decomvosition. Incorporation of magnesium,
3ince 1t could participate 1n only a maximum of four three-centered
bonds, could very easily prevent exposing these terminal hydrogens
at the surface. This viewpoint would then aid in explaining the
beneficlal effect of adding magnesium substitutionally to the
hydride lattice.
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(C) The "aging" phenomenon associated with magnesium-doped
hydride as discussed in Section B.2.b. also appears to be related
to surface conditions. All of these studles have generated data
which strongly suggest that magneslum stabilization, although
primarily an intramolecular change, should be considered a surface
phenomenon.

3. Stabillization of Aluminum Hydride-1451 by Surface Treatment
with Diphenylacetylene [DPA) (C)

(C) A number of compounds containing phenyl groups were
screened to es.ablish thelr effectiveness as stabillizers for AlHs-
1451; of these, diphenylacetylene (DPA) was found to be the mest
effective.

a. Initial Studies of DPA Treaztment (U)

(C) Work during the first part of the year consisted of treating
AlH3-1451 samples with DPA and determining thelr Zncrease in thermal
stabillity by the Taliani method. The favorable results obtained
from these experiments led to a thorough investigation of process
parameters to {ind conditions which produced maximum stability.

(C) The first samples tested were a 50-50 wt. % mixture of

AlH3-1451 and DPA. A magnesium-doped hydride sample (1.65%) re-
quired 115 days at 60°C. to reach 1% decomposition, compared to 29
days for the reference under the same conditions; thus, a 3.5-fold

. improvement in thermal stablility was attained. The same sample at
100°C. decomposed only 10% in the first 25 days and only 2.2% in
the next 85 days. The presence of AlH3-1451 in the sample which

. remained was confirmed by X-ray analysis. These results clearly
indicated the DPA was an effective stabilizer, and more practical
means of treatment were explored.

(U) Refinements in the procedure included the use of a pres-
sure transducer instead of a r2rcury mancmeter, thereby eliminating
any detrimental effect due to mercury, and the use of a wash treat-
ment technique which produced uniform low ccncentrations of DPA on
the surface of the hydride crystals.

(C) The treatment of magnesium-doped AlH3-1451 with DPA was
more effective than when applied to conventional AlEs;-1451, and
even greater increases in stability resulted from DPA treatment of
the sample p-lor to recovery and drying. This latter technique 1is
referred to In the remalnder of the report as in situ treatment.

(C) Figure 15 shows the increase in stabllity realized by
the in situ DPA treatment of typlcal conventional and magnesium-
doped hydride samplies made by the batch process. The conventiocnal
samples show approximately a twofold Ilmprovement while the magnesium-
doped hydride shows a fourfold Increase In the time required to
reach 1% decomposition at 60°C. The elemental analysis of these
two samples 1s given in Table X.
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Table X

(C) Elemental Analysis of DPA-Treated
Aluminum Hydride-1451

% Composi~tion
Element Normal Mg ~Dope€ * i

@ 2.9 e85 i
H 10.0 9.9 l
gl 86.2 85.8 |
Mg - 1. {
il 0.3 0.5
Li 0.2 0.5

b. Process Parameters Influencing Stabilization of Aluminum
Hydride-1451 by DPA (C)

(C) The initial work proved conclusively that when batch alu-
minum hydride-1451 was surface treated with diphenylacetylene (DPA)
1ts thermal stability was greatly improved. The next phase of the
work consisted of defining limits and developing methods and tech-
niques for acquiring maximum stabilization of the hydride with DPA.

. (1) Coating Techn’ques (U)

(C) Experiments with different concentrations of DPA in
the benzene wash solution showed that no appreciable increase in
the thermal stabllity of standard AlHz-1451 was obtained with 50
mg. of DPA/250 ml of benzene. When the concentration was in-
creased fivefold to 250 mg. of DPA/250 ml. of benzene, a signiri-
cant improvement in thermal stability resulted, the samples re-
quiring 8 to 20 days oefore reaching 1% decomposition at 60°C.

(C) A study was 2lso made to determine the optimum con- i
centration of DPA necessary for stabllization of AlHa-1451. Sam-
ples of normal and magnesium-doped AlHs-1451 were washed with
4,47, 3.12, 1.78, and 0.4<5 g. of DPA/250 ml. of benzene. The
results, 1llustrated in Figure 16, show the wt. % carbon or DPA
concentration on the surface of the hydride increases as the con-
centration of the wash solutlon increases. Hence, the method is
applicable for control of the concentration of DPA placed on the
surface. By using thls technique there 1s very little change in
the physical characteristics of the hydride except for perhaps a
8light change 1in color and flow characteristics. The relationship
between wt., % carbon and concentration of the DPA wash solution,
shown in Figure 16, 1z generally true for both normal and magnesium-
doped hydride lots, although it has been noted that magnesium-doped
hydride tends tc remove a little less of the DPA fiom solution.
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(C) The same wash solutions were also used again without
additional treatment to determine 1f the wash solution could be
reused. The results obtained from a series of samples using the
same wash solutlons a second time is also shown 1n Figure 16,

There was a tendency to deposit less DPA on the surface of the
hydride the second time as would be expected, if the concentration

of the solutlon had decreased as a result of the amount removed
during the first wash. Therefore, 1t appears probable that a DPA
wash solution can be used several times if additlonal DPA 1s added

to make up for the amount removed due to the prior wash. The

coating technique described above, however, has not been satisfactory
in treating product prepared by the continuous process as discussed
in Section A.l.c.

(C) The relationship between stability, in days to reach
1% decomposition at 60°C. and percent DPA is plotted in Figure 17.
This relationship indicates that the most useful concentration of
DPA on the surface of the nydride is probably between 1.0% and
2.5%. However, the DPA has a definite tendency to sublime away
from the surface of the hydride at accelerated test temperatures
suggesting that concentrations much lower than these may suffice
at amblent temperature. The higher concentrations of DPA gave
only marginal improvements in stability. The optimum concentration
of DPA in a wash-treatment solution appears to bte one containing
2.5 g. of DPA/250 ml. of benzene.

(C) The same lot of magnesium-deped material was surface
hydrolyzed 0.1% prior to DPA treatment. As illustrated in Figure
17, the hydrolyzed magnesium-doped sample did not respond to DPA
treatment nearly as well as the original magnesium-doped lot. Much
larger concentratiorns of DPA were necessary to obtain the same
degree of stabilization. Therefore, it appears that the condition
ot the hydride surface is important prior to DPA treatment. Data
also obtained from a magnesium-doped AlEs-1451 sample (1.73% Mg),
which was washed with a solution of 2 g. of DPA/250 ml. of benzene
immedliately after preparation and before drying, produced a very
stable sample, requiring 51 days to reach 1% decomposition at 60°C.,
as shown in Figure 15, Additional experiments with the in situ
technique confirmed the above results (Pigure 18). The magnesium-
doped hydride usually exhibited a reproducible fourfold increase
in stabillty over the untreated material and demonstrated excellent
stability in propellant formulations (see Section E). In contrast,
samples treated after recovery and drylng generally showed only a
twofold improvement in thermal statility, ard essentially no im-
provement in propellant formulations (see Section z).

(C) These data suggest that optimum stabilization 1s
probably obtained from DPA treatment of the hydride prior to re-
covery and drying from the crystallizing solution. This seems
logical since an aluminum oxide coating cn the surface of the
hydride could act as a barrier between the surface, where decom-
position 1initiates, and the DPA stabllizer.
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DAYS TO 1%
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(C) Fig. 17 - Relationship between Stabilization and Weight

Percent DPA for Magnesium-Doped and Surface Hydrolyzed
Magnesium-Doped Aluminum Hydride-1451 after Preparation
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(C) An evaluation of the same sample at 100°C., however,
exhibited very little improvement in thermal stability. This sug-
gests that either larger quantities of DPA are necessary to sta-
bilize the material at higher temperatures or the small amounts
of DPA present gquickly sublime or vaporilze away from the surface
of the hydride resulting In loss of stabllization.

(C) The DPA treatment of two standard AlHz-1451 samples
at 25°C. and 80°C. did not result in any difference in ther..al
stabllity, and from this experiment it was concluded that treat-
ment temperature was not an important factor.

(2) Loss of DPA by Sublimation (U)

(C) Examlnation of eight different lots of hydride has
confirmed original observations suggesting that 1-2 wt., % DPA 1is
necessary for the stabilization of AlH3-1451. However, observa-
tion of samples on test has shown that the DPA often sublimes
away from the surface of the hydride, condensing on the cooler
parts of the accelerated test apparatus., DPA melts at 57°C. to
63.5°C., depending upon purity, and can have an appreciable vapor
pressure at 60°C. At lower temperatures this 1s not expected to
be a preoblem.

(C}) The resublimed crystals mentioned above have been
identified as DPA by X-ray diffraction analysis. The effectiveness
of DPA cannot be definitely established because the elevated tem-
peratures used for accelerated testing of the thermal stabllity
of AlHa-1451 are also sufficient to sublime the stabilizer away
from the hydride surface. Hence, further i1nvestigation of this
problem appeared necessary. The decomposition rates measured by
a pressure transducer from DPA-treated samples at 60°C. under
vacuum are greater than those obtained under an atmosphere of
nitrogen as shown 1in Figure 19. These differences 1in decomposi-
tion rates are attributed to the differences in rate of DPA sub-
limation away from the hydride surface. Elemental analysis of
DPA-treated AlHa-1451, before and after testing, has also indi-
cated an appreclable reduction in carbon content during testing.
Twenty-seven samples of AlH3-1451, which possessed a carbon concen-
tration before testing ranging from 0.5-2.4%, were found to con-
tain an average content of 0.54% with a standard deviation of 0.12%
after testing. A slight correlation seems to exist between the
amount of DPA initially present and the amount present after
testing, as the samples wlth higher 1initial carbon values, as a
rule, gave higher final carbon values.

(C) Laboratory samples in situ treated with DPA and
evaluated at 60°C. reached 1% decomposition in approximately 50-
60 days. If a 50-50 wt. % mixture of AlHs-1451 and DPA is used,
the hydride will require more than 100 days to reach 1% decomposi-
tion. Thils suggests that 1if, the DPA did not sublime away from
the surface of the hydride during accelerated testing at 60°C.,
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greater stabllities would perhaps be observed from the samples
with a maximum possible stabllity belng near 100 days. Hence, -
the fugacity of DPA may be the controlling factor in the stabili-
zatlon of AlH3-1451 at elevated temperatures,

(3) Attempts to Reduce Sublimation Rate (U)

(a) Reduction in Test Temperature (U)

(U) There is often a marked difference in sublimation
rate as a material changes state from liquid to solid. On this
basls, 1t was decided to evaluate DPA-treated hydride at a tem-
perature below its melting point of 57°-63.5°C.

(C) To determine If the effectiveness of the DPA-treated
material increased as th. temperature decreased, two other hydride
lots were evaluated for comparison purposes., They were a normal
macrocrystalline sample (02025A), and an "aged" magnesium-doped
sample (8262-103I1-15). The temperature of 50°C. was chosen in an
effort to obtaln data as quickly as possible.

(C) Figure 20 shows the decomposition rate measured at
60°C. for the three different lots. The in situ DPA-treated pilot
plant sample exhibited a stabllity Intermedlate between the normal
macrocrystalline and the "aged" magnesium-doped material. The
results obtained from evaluation of these three lots of hydride
at 50°C. are depicted in Figure 21, The relative stabllity of the
three samples did not change. Hence, 1t 1s concluded that a reduc-
tion of 10°C. in test temperature to below the melting point of
DPA did not 1increase the effectiveness of the DPA.

(b) Pelletized DPA-Treated Material (U)

(C) Another attempt at reducing the rate of sublimation
of the DPA was by pelletizing the AlH3-1451., The DPA-treated hy-
dride was pelletized using 0.1% DPA as binder and an infrared lamp
to melt the DPA. Evaluation of the 1/4" pellets indicated only a
6 to 7 day increase 1in stability at 60°C. compared to the standard
(19 days to 1% decomposition). This increase could be accounted
for by the increased concentration of DPA present. Extremely
large rlatelets of DPA crystals were still observed to form on the
cooler parts of the apparatus indicating sutlimation was still
occurring at a substantial rate,

4., Mechanism of DPA Stabilization (U)

(C) Having conclusively shcwn that DPA stabilizes AlH;-1451
particularly by the in situ treatment of the hydride, 1t was neces-
sary to investigate the mechanism of stabilization. Experiments
were therefore deslgned to determine 1f the improvement in sta-
bllity was due to a chemical reaction, chemical adsorption, and/or

physical adsorption.
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(C) The most likely reactlion to occur would be the addi-
tion of aluminum hydride across the triple bond of DPA. This could
proceed in a stepwlse manner untll all the hydrogens are reacted
as shown 1in the following equation:

; Q) H
: 3 C=C-{) + AlHs = Al -é==é«(}

: (C) The reactivity of aluminum hydride with diphenyl-
i acetylene in solutlon was examined to determine if this reaction
takes place. If no reactlon occurred betweeen the two solutions,
it would be very strong evidence that the DPA would not react with
the less reactive form of aluminum hydride, AlHs-1451. No visible
reactlion was observed when two millimoles of AlHa were added to
six millimoles of DPA in 7% ml. of diethyl ether. After removing
the solvent at a reduced pressure, X-ray analysis of the remaining
Ssolid shcwed only DPA to be present. The solid showed hydride [
activity with water, indicating the presence of unreacted aluminum
hydride. It was concluded from the above results that the solid
product consisted of a mixture of DPA and aluminum hydride, and
that no reaction had occurred. This result is supported by the i
; work of Smith et al. (6), who found no evidence for the reduction
g of the triple bond in hexyne-1 by lithium aluminum hydride at room
g . temneratures. These data do not rule out the possibility of a
5 reaction during decomposition, where extremely reactive radicals
o may be generated, but do show that the stabilization 1s not a re-
5 sult of an Initial reaction between the two materials.

s

(C) The possibility that stabilization of AlHs3-1451 occurs
by either chem-adsorption and/or by the deposition of a thin layer
of DPA in intimate contact with the AlH3-1451 crystals was studied.
Ten grams of Lot No. QX 020 magnesium-doped AlH3-1451, obtained from
the Dow Pllot Plant, was washed with a solutilon containing 5 g. of
DPA 1in 250 ml. of benzene. After drying, a portion of the sample
was analyzed for carbon content to determine the amount of DPA re-

2 maining on the AlHs-1451 and was examined at 60°C. on the Taliani
v to determine its stability.

(C) The remainder of the DPA-treated AlHs-1451 was washed
with 100 ml. of fresh tenzene to determine the quantity of DPA re-
moved by a single solvent wash., The same analyses as for the original
DPA-treated hydride were carried out; In addition the benzene wash
was analyzed for DPA by means of gas-liquld chromatography. This

4 procedure was repeated four times with the res 1lts shown in Table
g . XI.

g - -75-

CONFIDENTIAL




CONFIDENTIAL

Table XI

(C) Effect of Solvent Wash on Stability and DPA Concentration
of DPA-Treated Aluminum Hycdride-1451 (I»t QX-020)

% DPA on Decomp. Days
Sample (Based % DPA (Ben- to 1% (60°C.
Sample % C % H on % C) zene Wash) Taliani)
QX-020 <0.1 1¢.02 0 -- 14
DPA-Treated
QX -020 1.74  9.99 1.84 -- 24
Wash 1 0.28 9.94 8.5 0.114 13
Wash 2 0.29 10.01 0.3 0.005 13
Wash 3 0.20 9.98 0.3 0.0005 14
Wash 4 0.16 9.92 0.2 <0.0005 14
Wash 5 0.20  9.90 0..2 <0.0005 13

(C) The data indicate the after-treatment with DFA
doubles the stability of the AlHsz-1451, but show that 85% or more
of the DPA deposited by the treatment can be removed by a single
fresh solvent wash. Practically no further change resulted from
additional washing as shown by a constant carbon content (within
experimental error), low LPA content in the benzene washes, and a
constant stabllity equal to that obtained kefore DPA treatment,

(C) Since the in situ treatment of AlH3-1451 with DPA
resulted in increased stabllity, a Dow Pilot Plant magr.esium-doped,
in situ DPA-treated AlHs-1451 sample (Lot 04126) was also examined.
Its stability, however, was less than expected for unkrown reasons,
since it required approximately the same time to reach 1% decom-
position as material which was DPA-treated after drying. The
sample was, as before, treated with a single fresh benzene wash,
and 1ts carbon and hydrogen content and stability at 60°C. deter-
mined. The same effect was found as with the previous sample
(Lot QX-020) which was not in situ treated. The DPA content de-
creased from 1.44% to 0.2% and the stabllity was lowered from 22
days to 11 days. A laboratory sample, however, containing no
magnesium, but in situ treated with 1.73% DPA, required 0 days to
reach 1% at 60°C. by the Taliani test. This sample, after a single

fresh benzene wash, contained C.85% DPA and its stability decreased ~

to only 12 days, whilch 1s much better than the 3-6 days expected
for the same untreated hydride.

(C) In summary, the experimental evidence strongly sug-

gests that no reaction occurs between the AlH3-1451 and the DPA on
the hydride surface for the followlng reasons:
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(1) DPA does not react chemically with aluminu
hydride 1in solution.

(11) A single fresh solvent wash greatly reduces
the DPA content of the AlH3-1451 and ‘ts
stability.

(111) Stabilization 1s a function of DPA _ .tent
on the surface far in exces3 of that neces-
sary for a few monomclecular layers,

(1v) The DPA readily sublimes from the hydride
surface at elevated test temperatures,

fc) Experimental results demonstrating that the in situ
treatment of the hydride witn DPA is much better than treating after
recovery and drying strongly Iimply chem-adsorption and tChat a very
intimate contact between the DPA and the hydride surface 1s neces-
sary to obtaln maximum stabilizatlion. Physical adsorption would
not give an electronic couple which appears desirable. A chem-
adsorption couple would be weak in nature. It !s known that in
certain instances hydrogen bonding can occur with unsaturated com-
pounds (7,8). Considering the structural aspccts of AlH3-1451 as
previously discussed (B.l.b.), the concept of weak hydrogen bonding
or weak Lewls acid-base reaction could explain how an electronic
couple is formed between DPA and AlH3-1451.

(C) The sawtooth surtace that probably exists in AlHaz-

1451 gives rise to a rather unique sltuation. The shape of the
elertron density plot in the bonding of a #-Al-H linkage 1in the
body of the crystal would have a hlgh degree of symmetry around

the Al atom. In the case of the }H-Al-H linkage at the surface

this 1s probably not true. The electron density plot of the H-Al-H
linkage in the crystal, though not completely linear, resembles the
followlng:

H<» A)l @

The non-linear or surface H-Al-7 llnkage differs as shown:

-

X
H H H
\M’_‘m"

This dissymmetry in the electron clouds would give rise to an ef-
fectlve region acting as a very small negative charge in the in-
terior. A reglon acting like a positive charge on the hydrogen
could be attracted to tne ursaturated linkage in the DPA (-C=C-)
and form a weak adduct. This adduct is weakly bonded because the
effective positive charge on the hydrogen would have only a very
weak electrostatic attraction for the effective negative charge
of the delocalized bond in DPA.

oo
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(¢) An electronic coupling could also be formed between DPA
and the AlH;-1451 by means of the aluminum atoms on the surface
acting as Lewls aclds. Since the triple bond in DPA can act as a
Lewis base (7,8), a weak adduct could be formed between the empty
orbital of the aluminum and the electron-rich orbital of the de-

localized bonds in DPA.

(C) Either or both of these two situatlons could provide elec-
tronic couples which act 1llke bridges for electrons to be accepted
or donated by the AlH3-1451. This mechanism provides for an ex-
cess electron density to be absorbed by the electronically delo-
callzed structure of the DPA or for the DPA to transfer electron
density to the AlHa-1451 1if necessary. This will inhibit the ex-
~essive bulld-up of electron density at ary one point in the AlHa-
1451 crystal and, at the same time, the lack of symmetry of the
electron distribtution of the H-Al-H linkages on the surface will
be less and the hydrogens will not be so far removed from their
normal equilibrium positions.

5, New Stabilizers (U)

(U) A screening program of acetylenic derivatives and compounds
containing one or more phenyl groups was re-initiated 1in anticipa-
tion of finding a compound which will ve wore effective than 4i-
phenylacetylene, and also possess a highcer melting point and a
lower vapor pressure,

(C) The compounds screened as possible stabilizers are listed
in Table XII and thelr effect on AlHz-1451 decomposition curves 1is
1llustrated in Figures 22 and 23. Most of the compounds demonstrated
a degree of actilvity; however, none exhibited the stabllizing effect
or lengthening of the induction period comparable to that of DPA.
Triphenylsilanol was also used as a stabllizing agent, but Taliani
results at 60°C. indicated it was less effective than DPA,

(U) Figure 23 illustrates the results obtained frem an.initial
study of various acetylenic derivatives., All were simllar in struc-
ture as they possessed a CHz group adjacent to the acetylenic bond;
however, the compounds differed in the number of triple bonds avail-

able,
6. Aging Studie3 of Magnesium-Doped Aluminum Hydride-1451 (C)

(C) It was discovered from surveillance studies of neat alu-
minum hydride samples stored under an inert atmosphere, that large
improvements in stabillty occurred with storage. This "aging"
phenomenon was later found to be particularly characteristic of
all magnesium-doped hydride. Because of the more than sevenfold
improvement in thermal stability as a result of "aging', effcrts
were made to understand and characterize thils phenomenon. It was
expected that this would lead to further improvements in aluminum
hydride stabllity.
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Table XIT I

(C) New Compounds Screened as Potential Stabilizers
of Aluminum Hydride-1451

Name Structure
~0-CHz C=CH
2(2-Propynyloxy)napthalene
0-CHa -C=CH
2,4-Dichlorophenylpropargyl ether @Tl
——
cl
p-bis(2-Propynyloxy)benzene CHEC—CHg—O@O-CHg -C=CH
0-CHz -C=CH =
0-CHz -C=CH
1,2,3-tris(2-Propynyloxy)benzene 0-CHa -C=CH
. 1,2-bis(2-Pyridyl)ethylene -c-c / \
‘N
NH2

0
"
2-Amino-5-chlorobenzophenone @-C@
-C1l

0
n

4 _Nitrobenzophenone @C @Noz
0]

4 -Aminobenzophenone @-C <\_/—/\NH2

0
1] .
Benzophenone @C@
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100 —
0ovc T |
l. AlH3- 1451 + 2(2-Propynyloxy)napthalene
2. AlH3 - 1451 + 2, 4-Dichlorophenylroparyl ether
90 3. AlHz - 1451 + p-bis (2-Propynyioxy)benzene /
4. AlH3 - 1451 + 1,2, 3-tris (2-Propynyloxy)benzene
5. AlH3 - 1451 + Diphenylacetylene
80 l
[ % DECOMPOSITION ] //
] ,
STANDARD 04035A
2 / / /
60 / . /’ //
4
50 |- / // / A —
3///, 1
* a 7
]‘ 5
20 /, .
10 ,// 7
/ 4‘/
pa——
I IME, h l
. TIME, hrs b
0 10 20 30 40 50 60 70 80 90 100

(c) Fig. 23 - Evaluation of Substituted Acetylenic
Derivatives as Aluminum Hydride-1451 Stabilizers
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a. Effect of Storage Time at -15°C. (U)

(C) A number of magnesium-doped laboratory samples of AlHs-
1451 which had been under surveillance at -15°C. for over a year
showed significant improvement in thermal stabllity; the completed
data are presented in Table XIII. Several lots required nearly
100 days hefore reaching 1% decomposition at 60°C., representing
approximately a sevenfold 1improvement in stability. There 1is no
indication that the samples attained theilr maximum stability; how-
ever, the degree of improvement for sample 5853-146 was much greater
for the first 4-6 months than it was during the last six months.

One sample, 8262-19, which had the best stabil.ty prior to storing,
exhibited a phenomenal improvement, requiring approximately 170

days to reach 1% decomposition at 60°C. as shown in Figure 24. The
results from this sample indicate that even better stabilitles can
probably be realized. Figure 25 summarizes the progressive improve-
ment in thermal stabllity that has been achleved by a combination

of magnesium incorporation, surface treatment with DPA, and "aging".

Table XIII

(C) Effect of Storage Time at -15°C. on Aluminum Hydride-1451

Sample Days to Reach 1% Descomposition at 60°C.
Number % Mg Original 4-6 Months 9-12 Months 18 Months
585%-131 1.64 13.5 22.5 27.0 -—
5853-142 1.72 12.9 k2.0 31.0 --
5853-141 1.53 6.8 26.0 46 .0 --
5853-146 2.07 12.8 70.0 93.0 135.0
5853%-150C 2.3 14 .5 29.5 107.0 128.0
8262-19 2.1 22.6 -- 170 0«80 im
156 days
8262-48 1.0 14 .0 -- 82.0 0.88 in
156 days

(C) To further confirm the accuracy of the decomposition rates
being measured from these "aged" samples, Sample No. 5853-150 was
re-examined and 1ts decomposition curve determined by a pressure
transducer apparatus. A comparison between the decomposition rate
measured by the standard Talliani apparatus versus the transducer
apparatus 1s illustrated in Figure 26. The measured decomposition
rates by the two different methods were essentially the same except
for small differences during the early stages of decomposition. This
informatlon, obtained from duplicate samples which are known to be
uncontaminated with mercury, 1s reassuring.
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b. Effect of Magnesium Concentration on "Aging" (U)

(C) In an attempt to determine the effect of magnesium concen-
tration in the hydride lattice on ‘"aging", several older samples
of hydride which had been stored for approximately 2 years at -15°C.
were re-evaluated to determine thelr current stability. A summary
of the results 1s shown 1in Table XIV,

Table XIV

(C) Effect of Magnesium Concentration on Stability
of Aluminum Hydride-1451 Stored at -15°C.

Days to Reach 1%
Decomposition at 60°C.

Sample No, % Mg Original 1-2 Years Days Improvement
8262-89 0.3 8.5 eL'S 2.0
8583-116 0.4 4.8 sleR ) 5.2
5853-81°2 0.6 310 9.5 6.5
5853 -82 ol 11.0 35.5 24,5
5853-83 0.8 1545 26.0 12.5
5853-79 0.9 150 20.0 5156
8262-48 1.0 14 .0 82.0 68
5853-141° G 6.8 46.0 39.2
5853-131 Ll 135 27 40 13.5
5853 -142 N7 12.9 91 78.1
5853-146 2,1 12.8 93.0 B2
8262 -19 251 22.6 170 Y
5853-150 2.3 14 .5 107 92.5

aVery poor bulk density.
PLess than 5% AlHaz-1433.

(U) A plot of the percent magnesium versus the number of
days improvement 1in stability as a result of "aging" 1s shown in
Figure 27. The data show the hydride stabllity to increase as the
magnesium concentration increases. As indicated by the apparent
parabolic-shaped relationship, concentrations greater than 1.0%
magneslium appear necessary for obtaining large improvements in
stability.

c. Effect of "Aging'" on Unit Cell Dimensions (U)

(C) It was pointed out by Dr. Bock of Edwards Air Force Base
(9) that the incorporation of magnesium into the lattice of AlHz-
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1451 resulted 1in an expanded unit cell tut 1t was not known 1if
"aging'" also affected this property. in order to investigate
this, the unit cell dimensions of three samples containing varying
amounts of magnesium were compared before and after "aging". The
unit cell dimensions of each sample were carefully determined from
X-ray patterns taken on an AEG linear-type rocusing camera with
aluminum as a reference.

(U) The results, tabulated in Table XV, show that within
experimental error the unit cell dimenslons remained unchanged,
and from thils 1t must be concluded there 1s ro correlation or
relationship between 1mprovement in stability as a result of
"aging", and changes in the unit cell dimensions cf the crystal

lattice.

d. Initial Gassing of "Aged" Magnesium-Doped Aluminum Hydride-1451 (C)

(C) Another characteristic of "aged', magnesium-doped samples
1s a small amount of initial rapid gassing during testing at 6C°C.
This initial gassing on the Tallani was found to correlate roughly
with the degree of improvement in thermal stability. The data
therefore suggested that the gas, assumed at first to be hydrogen,
was playing a very significant role in improving the thermal sta-
bility of aluminum hydride-1451.

(C) To further elucidate the effect of initial gassing, two
samples which demonstrated a definlte 1initial gassing and increased
stability after a perlod of "aging" were degassed on a high vacuum
line for approximately two weeks at amblent temperature. They were
then removed and evaluated at 60°C. on a Tallani apparatus. It was
extremely interesting to find both the initial gassing and "aged"
stability exhiblited by the samples had been removed by this treat-
ment (Figures 28 and 29). The thermal stability of the hydride in
the case of Sample 5853-83, was reduced completely to the rate it
originally possessed immedlately following preparation. Sample
5853-82 also lost most of 1ts stabillization during degassing.

These results suggested that the gas which was evolved was responsi-
ble for the increase 1n stabllity galned during storage and that

it would be necessary to 1ldentify the evolved gas, and *o deter-
mine, 1f possible, the mechanism responsiktle for the improvement

in stability. Once a better understanding of tnls 1s ottained, 1t
should lead to better control of the decomposition kinetics of

aluminum hydride.

(U) The composition of the 1nitial gas was quantitatively
determined by mass spectrometry. The gas analysis from two "aged"
AlHa-1451 samples 1s shown in Table XVI. Both samples were heated
for a period of time before the evolved gas was released into the
mass spectrometer.

(C) Analysis of sample 8262-103II after heating for 20 minutes
at 8C°C. showed 81% water and 15.7% hydrogen. The sample was then

-88-

CONFIDENTIAL




a;
i

e man e e A e TR AN 8 18 2 el

CONFIDENTIAL

o - e

0¢00°0 F T¢HR 1T 9000 0 F T¢9h 4 GOO0'0 F 928 1T 9000°'0 F gI9t 'k 60°2 GHT-£GRSG
G000'0 F 0L¢g 11 9000°0 F LLSH 'k HTO0'0O F ¢LEQ"TT goo0"0 F 684Kt B8L'T g2T1-¢6gs
S
0T00"0 ¥ Ggeg 1Tt 90000 F 945t G000'0 F gH#ieg 11 9000°'0 F C¢Gh % 9°0 ¢e-¢6gGq !
) B . . 0 e 3 ¢ aTdweg
*0,GT- 1® GghT ‘Aaenuel ‘TBT3TUL

SUaUOW Q2 J40J 93eJ03g 4931V

Yy ‘suotsuswid TT9D 31un

FulBy J93JY pur aJ0J9d

‘TG T1-2PTIpAH wnuiumTty padog-unjsaudey JO suoTsuawid TI=D 3Tufl

AX 914a®L

(0)

CONFIDENTIAL




Cg-¢GRs ardurg Jo Furseefag Jaije
A1T1719B3S P28y, JO EsOT - g2 814 (n)

CONFIDENTIAL

(This page 1is Unclassified)

82 02 21 v
0 J
1G1-A = W
2.09
99/2/%
.a39v,
\ NOILISOdW0030 % |
99/81/5 e
g3ssvyo3g IYNISIHO

o

2t

L

~90-
e 18 Unclassified)

CONEIDENTIAL

(This




29-¢6gG stdwes Jo Jursse3sq asije
£311TQB3S P33y, JC SSOT - 62 "31d (n)

2t 82 ve o4 N el 8 14 0

(o)
_ sAop ‘IWiL _
-
2

|/

\ /

/]

/ 28 \ \

\

99/2/5
.a3ov,

\
\
-91-

(This page 1is Unclassified)

CONFIDENTIAL

CONFIDENTIAL

(This page 1s Unclassified)

99/81/5 $S/1/L
Q35sv93aa AVNISINO
o'l

\ \ {NoILISOdn0d2a %]

vl

!
_
f
_
}
)
!




CONFIDENTIAL

closed off from the mass spectrometer and again reheated for an
additional 20 minutes at 80°C. Analysis of the gas this time
indicated 88% water and 8.5% hydrogen. In addition to water and
hydrogen, trace amounts of CeHs, (C2Hs)20, COz2, and Nz or CO were
also observed.

Table XVI |

(U) Analysis of Initial Gas Evolved from "Aged" Hydride

Gas Analysis, mole %a

Sample Number Hz0 Ho
8262-1031T
a) 20 minutes at 80°C. 81 15.7
b) Additional 20 minutes at 80°C. 88 8.5
5853-146
a) 20 minutes at 80°C.° 72.6 21.2
b) Additional 20 minutes at 80°C. 78 .4 21.9

8Prace amounts of CeHs, (C2Hs)20, Nz or CO.

bObserved 5.6 mole % COs.

(u) Analysis of a second sample (5853-146) showed 5.6 mole %
COz2 in addition to large amounts of water and hydrogen as shown .
in Table XVII. It is interesting to note that this sample 1is
extremely stable, requiring nearly 100 days to reach 1% decomposi-
tion at 60°C. The significance of the observed COz 1s unknown
but should be examined in future studies,

Table XVII

(U) Effect of Temperature on "Aging"®

Stability, days to 1% decomposition at 60°C.

Sample No. Original Ambient -15°C. Removed AmbientD
8262-1031 9.5 23.6 31 28
8262-10311 L3.2 17.0 e51. 5 26

aSamples stored ten months.

bRemoved from -15°C. storage six months previous to above test.
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(U) It 1s now concluded that the initial gas from "aged'
Samples contains large amounts of water vapor which 1s playing 4
ma Jor role in the "aging" process.

(C) The "aging" phenomenon, however, 1s much more complex
than simply treating the magnesium-doped material with moisture as
might be inferred. Past techniques of surface treating magnesiun-
doped material with water after preparation have never produced a
product with stability comparable to "aged' materlal. In addition,
oxygen analyses of samples during storage at -15°C. and ambient
temperature show approximately the same increase in oxygen concen-
tration (Table XVIII}, but the increase in thermal stability of
the samples stored at -15°C. 1s much greater than those stored at
ambient temperatures (Table XVII).

Table XVIII

(U) Oxygen Analysis of Stored Samples

Wt. % Oxygen

Sample No. Storage Temperature Original After 1 yr. Storage

8262-10312 -15°C. ~0.52% 1.1C £ 2.G9
Ambient 0.96 £ 0.5

8262 -10311° -15°C. ~0.3% 0.50 % 0.06
Ambicnt 0.46 £ 0.26

aComposite of samples prepared in an atmosphere of 10,C0C ppm " :.

bComposite of samples prepared under anhydrous conditions.

(C) On the basis.of these observations it must be conc luded
that specific conditions are necessary if maximum benefit 1is to
resuit from water treatment of the hydride. 7These conditions must
depend on the type of surface structure formed as a result of water
in combination with magnesium-doped AlHa-1451, and must also ce
greatly influenced by process parameters.

e. Kinetic Studies of "Aged,' Magnesium-Doped Aluminum Hydride-1.71

(C) The activation energy for the acceleration period duriag
the decomposition of normal AlH;-1451 is approximately 23,0 x 1.©
kcal./mole as determined by the Prout-Tompkins equation glven c< o

In — kt

Pf-P

(C) It has been previously reported that the activation energ:
of magnesium-doped hydride varies widely during the acceleration

-9%-
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period (1). Preliminary data from only two magnesium-doped samples
are summarized in Table XIX. The activation energy for the acceler-~
ation period of the magneslum-doped samples 1s apparently changing
with time. The samples originally had an activation energy of 27.0
and 28.6 kcal./mole; however, after five and seven months' storage,
the activation energy had changed to approximately 30.7 kecal./mole.
Taking the average of the four values after storage (30.7 kcal./
mole) and comparing 1t to the average of the two samples originally,
(27.8 kcal./mole) a change of 2.9 kcal./mole is measured. There
appear to be no significant effects resulting from differences 1in
storage temperature.

Table XIX

(U) Effect of Time and Temperature
on Activation Energy of Acceleration Period

Activation Energy, kcal./mole
Storage Temperatured

Sample No. Original Ambilent -15°C.
8262-103511 27.0 32.1 29.9
8262-1031 28.6 30.1 30.8

d5ample 8262-1031I stored five months;
£262-1031 stored seven months.

f. The Effect of Ambient Storage on "Aged' Samples (U)

(C) A sample exhibiting an increase in thermal stability with
age at -15°C. was removed from cold stcrage and allowed to stand
at amblent temperature. The decomposition rate of the sample was
measured immediately after removal from storage and subsequently
every 24 hours for days. The data shown 1n Table XX indicate
during the four days' storage at amblent temperature. The days
required to reach 1% decomposition decreased from an estimated 28
to 18.9 and the initial gassing from 0.19% to 0.048% decomposition
after two days.

(C) A decrease in initial gassing with 1ncreasing storage time
at amblent temperature suggests the loss of adsorbed water as dis-
cussed 1n Section B.5.d. In thls case, however, the loss of water
is probably not a result of dehydration but due to diffusion inward
through the oxide/oxyhydroxide surface where 1t reacts with alu-
minum hydride.

(C) Apparently it is possible to condense water on the surfacse
of the hydride at -15°C. without a reaction. Removal from storage
at -15°C. allows the molsture present to react with the hydride
gagsing a decrease 1in the initlal gas and stabllity observed at

0°c.

o
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Table XX

(U) Effect of Pretreating "Aged'" Sample 8262-10311

Initial Gassing, % Stability, days to
Storage Time at Decomposition after reach 1% decomposi-

Amblent Temp., days 2 days at 60°C. tion at 60°C.
0 0.19 28 est,
1 0 i 27
2 0.092 23.8
3 0.071 21.7
4 0.048 18.9
7 (constant pumping

under vacuum) 0.034 17
7 (static vacuum) 0.064 21

(C) These vresults are puzzling when compared to the stability
obtained from the same sample after six months' storage at amblent
temperature following removal from cold storage. The data in
Table XVII show that the sample previously stored at -15°C, retained
its increased stability after storage at ambient temperature. This
appears to be in contradiction with the above data which show a
considerable loss in stability after storage for four days at
ambient temperature.

(C) Table XX also summarizes experiments which further evalu-
ate the original "pumping" experiment. Very little difference was
observed in the stability and initial gassing of the sample stored
for 4 days at ambient temperature compared to the same sample
stored 7 days under constant pumpling. Hence, 1t appears storage
time and temperature, but not vacuum, are the important factors.
Some difference was noted on storage for 7 days under constant
pumping compared to static vacuum conditions (17 days vs. 21 days
to reach 1% decomposition).

g. Heat Treatment of Magnesium-Doped Aluminum Hydride-1451 (C)

(C) Techniques for accelerating the "aging" of magnesium-doped
AlH3z-1451 were investigated. Previous results suggested that the
sample upon removal from cold storage was undergoing a heat treat-
ment when placed in the Taliani apparatus at 60°C. for evaluation,
and that this was responsible for its increased stability.

(C) Preliminary data obtained from heat treating a sample at
80°C. for a short period of time before evaluation at 60°C., as
shown in Figure 30, demonstrated only a small amount of improve-
ment in stability. However, a 20 minute heat treatment at 80°C.
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did reduce the initlal gassing. Based on the premise that the
"aging" phenomenon may involve the freezing of molsture on the
surface of the hydride followed by heat-treating at 60°C. during
evaluation, an attempt was made to duplicate thls process.

(C) Magnesium-doped AlH3-1451 was placed in an appropriate
apparatus and an amount of moisture equivalent to 1% hydrolysis
was frozen on the surface of the hydride at -196°C. Samples
were then allowed to warm up to room temperature for twenty-four
hours before heat-treating at 80°, 70°, 60° 50°, and 40°C. After
this moisture and heat treatment step, they were evaluated on
the Tallani apparatus at 60°C.

(C) This technique "essentially" reproduces the "aging"
phenomenon and in a matter of hours stabillizes the hydride to
the same degree as previously attained by four to silx months'
Storage at -15°C. It 1is interesting to note from the results
shown in Figure 31 that the samples heat-treated at 80°, 70°,
and 60°C. exhibited no initial gassing whereas those heat-treated
at 50°C. and 40°C. did; a direct correlation between the amount
of initial gassing and stabillty was again observed. The sample,
moisture- and heat-treated at 40°C., exhibited the greatest Iinitial
gassing (0.3%) and stability (47 days to 1% decomposition) com-
pared to the reference sample (21 days to 1% decomposition).

{C}) It wac surprising to find less than 10% (including the
initial gassing at 60°C.) of the gas expected from 1% hydrolysis
was evolved. This suggests that water 1s held by the oxide film
formed on the hydride surface, preventing 1t from coming in contact

with the hydride.

(U) Higher temperature and lower heat-treating time, as shown
in Figure 32, did not prove to be successful. Samples were heated
at 100°, 90°, and 80°C. for 3, 4, and 5 hours, respectively. No
large change in stabllity was observed.

7. Storage under Hydrogen Pressure (U)

(C) Various types of AlH3-1451 were stored under a hydrogen
pressure of 7500 psi. for a total of 5 months at amblent tempera-
ture to determine if an increase in thermal stability could be
achleved by annealing under these conditlions. The samples were
evaluated after 2 to 5 months' storage. The data are summarized
in Table XXI for (1) macrocrystalline, (ii) magnesium-doped, DPA-
treated, and (1ii) magnesium-doped AlHs-1451. Little, 1if any,
change was observed in the thermal stability of macrocrystalline
and magnesium-doped AlHs-1451. However, magnesium-doped, DPA-
treated AlHz-1451 appeared to have increased in thermal stability
in 2 months from 19 to 32 days and in 5 months from 19 to 22.5
days before reaching 1% decomposition at 60°C. Because additional
Storage produced a decrease in stabllity of the DPA-treated
material, thls does not appear to be a useful technique for improv-
ing the thermal stability of AlHa-1451.
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(C) Fig. 32 - Effect of Moistire and Heat Treatment
at High Temperatures on Aluminum Hydride-1451 Stability
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Table XXI

(U) Effect of Storage under Hydrogen Pressure
on the Stabllity of Variocus Types of Hydride

Stability, days to 1% decomposition at 60°C.

Original Sample stored at 7500 psi Ho
Hydride Type Sample 2 Months 5 Months
Macrocrystalline 7.9 7.2 (3L
Magnesium-doped 12.4 12.5 12.5
Magnesium-doped,
DPA-treated 19.0 32.5 22.5
8. Cycling Decomposition Tempera~ure ')

(C) The decomposition rate of AlHa-1451 has usually been mea-
sured under isothermal conditions. However, in propellant applica-
tions the temperature of the hydride may be subjected to a variation
in temperature depending upon the storage conditions. Therefore, 1t
was belleved desirable to examine the decomposition rate obtalned by
cycling the temperature and compare it to the isothermal decomposi-
tion rates.

fre\ moo = iy o Tl Avrave +rrn YA
kY CWwCiVe

(U lie vemperature was cycled cvery 0] ol
and 90°C. The same sample was then decomposed at 9u°®, 80
under 1isothermal conditions for comparison purposes. The resulting
decomposition curves are shown in Figure 33. It was thought that
cycling the temperature between 70°C. and 90°C. would be very
similar to the decomposition rate one would achleve at 80°C. which

is the average of the two temperatures.

(U) The cyclic decomposition curve between 70°C. and 90°C.
does roughly approximate the 1sothermal decomposition curve at
80°C. At these elevated temperatures the length of the induction
period 1s very sensitive to change in temperature. Hence, the
starting temperature 1s very important in obtaining this type of
correlation. It 1is expected that the s:iarting temperature would
be less critical at lower temreratures.

C. CHYSTAL STRUCTURE STUDIES OF ALUMINUM HYDRIDE-1451 (U)

(U) Diagrams depicting the unrefined structure of aluminum
deuteride have been previously discussed arnd shown (1). Additional
refinement of the aluminum deuteride-145) structure has been achleved
during the past quarter,

(U) The aluminum deuteride structure 8 three unknowns: a
position parameter, a temperature parameter for D, and a temperature
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parameter for Al. Estimated vaiues of 2.0 for the Al temperature
factor and 4.0 for the D temperature factor were used during the
refinement of the D positlon parameter. Neutron structure factor
calculations for values of X = 0.640 (0.005) 0.6G0 were done for
a subset of 19 reflections of the total indexed set of 60. The
agreement factors continue to improve as X 13 decreased as shown
in Table XXII.

Table XXII

(U) Neutron Structure Factor Calculations Ry = Z/AI /Z/Iobs

X R X Ri
0.640 0.2925 0.670 0.3677
0.645 0.2937 0.675 0.38u2
0.650 0.2966 0.689 0.3999
0.655 0.3175 0.685 0.4151
0.660 0.3369 0.690 0.4310
0.665 0.3507

(U) A comparison of the calculated and observed intensities
indicates that the estimated temperature factors may be too high.
Values of 1.0 for Al and 2.0 for D are currently being used for
caleculation with X = 0.625(0.005)0.645.

(U) The Al-D distance in this structure is, at the present
state of refinement, 1.704 A. The refinement has shown that the

column of hydrogen atcms parallel with the Z-axis 1s not collinear

along the Z-axls but 1s displaced to the right or left by a finlte
value. This refinement of the structure is shown in projection on
the (001) plane in Figure 34.

D. LONG-TERM SURVEILLANCE OF NEAT ALUMINUM HYDRIDE-1451 (C)

(C) Many samples of aluminum hydride have been stored neat
and in propellant formulations at 40°C., amblent temperature, and
~15°7. to determine the actual shelf 1life of aluminum hydride at
these temperatures. The obJject of this study is to check the
accuracy of the precdicted shelf life and to verify that the improve-
ments made 1n the thermal stability of aluminum hydride as deter-
mined by accelerated testing at 60°C. are also realized at the
lower temperatures. Surveillance of aluminum hydride propellant
represents the "acid test" since 1t evaluates both long-term sta-
bility and compatiblilty of the hydride with commercial propellant
ingredients.

(C) A number of macrocrystalline aluminum hydr‘de samples have
been stored 1n taped glass vials under an inert atmospnere ai amblent
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temperature at -15°C. for more than two years. Samples 3t =20 .
have been stored for over 200 days and are exposed to lignt,

1. 3torage at 40°C. (U)

(c) A summary of the decomposition rates measured from a series
of neat, normal macrocrystalline samples stored at 4C°C. is given in
Table XXIII. The average percent decomposition for the six macro-

crystalline lots 1s plotted in Flgure 35 versus storage time In dayrc.

A plot of the decompcsition rates measured for these samples over

a period of 222 days ylelded a typlcal decomposition curve for alu-
minum hydride. After 100 days at 40°C., approximately 2% decomposi-
tion was observed; after 222 days, 36.6% decomposition was measured.
Therefore, 1t can be concluded that a significant amount of decom-
position would occur for normal macrocrystalline hydride if stored
at 40°C. for periods of time much greater than 3 months.

Table XXIII

() Long-Term Storage Stability of Aluminum Hydride-1451 at 40°C.

Decompositionb, %
Storage Time, days

Sample Number® 80 97 202 - BR)
041854 1.3 3 23 G L2.4
nk195 1.8 2.4 b} S5
04265B s 2.2 16.7 P8 .
06255 0.2 1.7 14.3 35.0
06275 1.2 2.5 2C.4 38.0
06285 1.0 2.2 15.9 3.2

Average % Decomp. 1.1 2.1 17.9 36 .6

aSamples stored 3 months 1in cold storage prior to evaluation.

bDetermined by carbon and hydrogen analysis; hydrogen z1% of total.

(C) The effect of storage at 40°C. on the thermal stability
of aluminum hydride, as determined by the Taliani test at 60°C.,
for the same six lots of macrocrystalline hydride is presented
in Table XXIV.

(C) Eight pilot plant lots of magnesium-doped AlH;-1451 are
also belng stored at 40°C. The effect of storage on the thermal
stability of the samples 1s summarized 1in Table XXV. Tne samples
contalning 0.48% to 1.35% magnesium exhibited a stability of 12.0
to 25.5 days before reaching 1% decomposition at 6C°C. The results
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obtained at 40°C. for the two types of hydride are compared in
Figure 36. The original data previously reported for the first
four lots of hydride shown in Table XXV were in error due to a
faulty temperature controller and thermometer. < he new data for
these lots shown in Figure 36 and Table XXV therefore differ frun
those previously reported.

Table XXIV

(C) Effect of Storing Aluminum Hydride-1451
at 10°C. on Thermal Stability

Days to Reach 1% Decomposition at 60°C.2
Storage Time, days

Sample Number Original 16 42 63 96
041854 6.6 4.9 2.6 3.5 1.25
04195 6.6 4.8 4.5 3.4 1.1
042658 7.5 5.8 y,7 3.1 51
06225 8.7 8.0 6.2 3.6 2.4
06275 6.2 5.6 4.6 3.9 0.9
06285 6.6 5.9 3.8 2.5 S1.4

Average Stability 7.0 5.8 4.4 3.3 1.4

2raliani test +0.2% decomposition.

Table XXV

(C) Effect of Storing Magnesium-Doped Aluminum Hydride-1451
at 40°C.,@ on Thermal Stability

Days to Reach 1% Decomposition at 60°c.”

Sample Storage TIme, days
Number % Mg Original i 21 35 42‘ 49
01206 0.6 13.3 13.2 12.8 1345 1.4 18 o2
01216 0. 67 14 .5 18 46 13.5 1315 - 2 11.4
01286 0.48 )L 5 ) 12.2 12.8 11.5 11.4 9.8
01316 0.81 12.0 11.6 10.4 1@, 8 11.1 g5
06206 1.26 11 .7 18,1l 8.9 9.2 8.8 8.1
06276 1.35 25.:5 -- 18.8 20.0 2kl 23.5
06286 0.90 19.0 17.3 16.9 16.8 18.2 18.0
06386 0.86 16.8 12.9 12.6 12.4 13.1 14 .6

Average 15.8 1340 13.3 13.4 14.0 1.3.8

dots also placed under survelllance at ambient temperature and -15°C.
Taliani test +0.2% decomposition.
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() It was found for each of the six lots of normal macro-
crystalline hydride stored at 40°C. the stabllity consistently
decreased during a storage period of 96 days. The average sta-
0ility of the magnesium-doped samples alsc decreases as storage
time increases, although the curve appears to reach a plateau
within 42 days. It 1s interesting to note the samples change
color from white to gray after only approximately 4 days storage
at 40°C. In contrast to normal macrocrystalline hydride, the
improved stabllity exhibited originally by the magnesium-doped
semples 18 essentially maintailned over this period of time. The
latest data suggest the magnesium-doped samples may be undergoing
an accelerated "aging" phenomenon.

2. Storage at Ambilent Temperature and -15°C. (U)

(C) The hydrogen analyses obtained for eleven different lots
of normal macrocrystalline Dow Pllot Plant hydride stored for vari-
our perilocds of time at ambilent temperature and -15°C. are summarized
in Table XXVI. Samples O6104AT and O7TO84T are the same as 06104A
and 07084, respectively, except that they have been treated with
acrylonitrile (VCN) and sample 3655-85 is a laboratory composite.
These samples have been stored for a period of 1.8 to 2.3 years.
The percent decomposition 1s determined by the change in hydrogen
content. Elemental analysis has shown that the hydrogen value
obtained after thils period of time is still within the experimental
error of the method, accurate to +1% decomposition of the measured
value. Examination of the samples shows that those stored at am-
bient temperature have turned light gray, indicating a small amount
of decomposition, whereas those stored at -15°C. are still white.
Using these data, the hydrogen values were plotted as a function
of storage time and a line drawn through the polnts with the origin
represented by the average hydrogen value obtained from the sample
stored at -15°C. Using this technique to evaluate the data, Table
XXVII summarizes the percent decomposition as a function of time
and temperature for each of the samples. It 1s obvious from the
measured hydrogen values and the color of the samples stored at
~15°C. that no decomposition has occurred over a period of approxi-
mately two years. The samples stored at amblent temperature appear
to have decomposed less than 1% during this same period, although
these numbers are not absclute value3s but represent only an indica-
tion of the amount of decomposition,

(C) The effect of temperature on the rate of decomposition
of aluminum hydride is illustrated in Figure 37. Thils relationship
is derived from the time 1t takes a sample to reach 1% decomposi-
tion and 1s shown for normal macrocrystalline hydride and macro-
crystalline hydride containing 1.9% magnesium as a crystal lattice
stabilizer. Originally, a comparison of the time it takes to reach
+1% decomposition at 60°C. and above resulted in two parallel lines
which were extrapolated from the last experimentally determined
point at 60°C. to 25°C. (broken line). This indicated that 1%
decomposition should be observed from the normal macrocrystalline

-105 - :

CONFIDENTIAL -




CONFIDENTIAL

Table YXI'I

(C) Summary of Hydrogen Values for Macrocrystalline Aluminum
Hydride-1451 Samples Stored at Ambient Temperature and -15°C.

Wt. % Hydrogen Wt. % Hydrogen

Sample Time, Storage Temperature Sample Time, Storage Temperature
Number Months Amblent -15°C. Number Months Amblent -15°C.
3655-~85 o] 10.12 10.12 020344 0 9.75 9.75
0 9.70 9.94 ) 9.50 9.58
25 3.78 9.96 10 9.68 5.78
31 9.84 9.92 15 9.67 9.87
37 9.60 9.92 21 9,84 9.81
27 9.78 9.83
Average 9.97 Average 9.77
02044 o} 9.86 9.86 02044 A 0 9.83 9.83
3 9.38 9.60 ) 9.83 9.85
10 9.82 9.89 10 9.87 3.91
15 9.82 9.90 15 9.85 10.01
21 9.86 9.88 21 9.92 10.00
27 9.83 9.88 27 9.77 9.82
Average 9.83 Average 9.91
0213L4 0 9.84 9.84 03294 o] 10.0 10.00
5] 9.93 9.86 9 10.08 9.99
10 9.83 9.87 14 9.91 - 10.08
15 9.83 9.82 20 10.01 10.06
21 9.84 9.01 26 9.98 9.85

27 9.93% 9.35
Average 9.86 Average 10.00
ou194 0 10.27 10.27 060144 0 10.00 10.00
8 9.94 9.96 6 9.96 10.02
G 13 9.9q 10.03 11 9.91 g.a4
19 9.89 9.97 17 9.93 10.02
25 10.02 10.18 23 9.95 9.79
Average 10.08 Average 9.95
06024 A 0 9.89 9.89 06054 0 9.88 9.88
6 10.08 10.03 6 9.98 9.92
11 9.94 9.99 11 2.97 a.99
17 9.90 10.03 17 10.02 10.03
23 10.02 10.12 23 9.95 10.11
Average 10.01 Average 9.99
061044 0 .89 G.89 06104AT 0 9.90 9.90
6 10.07 10.02 6 10.01 9.99
11 9.97 10.05 11 10.03 10.04
17 10.10 9.96 17 9.99 10.09
23 10.01 10.10 23 10.06 Q.94
. Average 10.00 Averasze 9..a
07084 o} 10.04 10.04 o7084T 0 9.88 .88
5 10.05 10.00 5 10.07 10.05
10 9.97 9.99 10 9.9 10.02
16 9.94 9.99 16 q. 9.96
22 10.03 10.02 22 9.91 10.05
Average 10.00 Average 9.99
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hydride after 0.24 year and approximately 1.34% years for hydride
contalning 1.9% magnesium. However, recent experimental data ob-
tained from long-term survelllance studlies of macrocrystalline
AlHa-1451 show that the hydride is much more stable at lower tem-
peratures than originally predicted.

A T g TV ""1_ i

Table XXVII

(C) Summary of Long-Term Storage Stability
of Aluminum Hydride-1451 at Ambient Temperature

Sample Number Age, years % Decompositionb
3655 -85 3.1 2.8
020344 2.3 0.3
02044 2.3 0.2
020444 2.3 1.0
021344 2.3 None .
03294 2.2 0.5
04194 2.1 1.8
06014A 1.9 0.2
06024A 1.9 0.5
06054 1.6 None
) 06104 A 1.9 None
06104 AT(VCN) 1.9 None
] 07084 1.8 0.2
07084T(VCN) 1.8 1.0

o decomposition detected when stored at -15°C.
bDetermined by carbon and hydrogen analysis; hydrogen +1% of total.

CLaboratory composite.
dVCN - Acrylonltrile treated.

(C) Six lots of macrocrystalline AlHs-1451, which originally
averaged 7 days to reach 1% decomposition at 60°C. were stored at
40°C., where they required approximately 80 days to reach the same
level of decomposition. The same type of normal macrocrystalline
hydride has been stored at ambient temperature for nearly two years,
and, although an accurate reasurement 1s difficult, it 1s estimated
that they are approaching the 1% level of decomposition (see Section
D.1.b.). The solld llne drawn through the experlmentally determined
points at amblent (25°C.), 40°, and ©617°C. shows considerable curva-
ture (Figure 37) and a decrecase in the decomposition rate from that
originally predicted; this may be related to the "aging" phenomenon
now being studied. It willi be very interesting to determine when
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the magnesium-doped samples of AlHs-1451 currently under test will
reach 1% decomposition at 40°C. It is expected, due to the en-
hancement of the "aging" effect by the incorporation of magnesium
into the crystal lattice, that the lattice stabilized and/or DPA-
treated hydride will possess greatly superlor stabllity at the

lower temperatures (25°C. and 40°C.). It should be noted that the
original relationship represented by the t.me for the magnesium-
doped AlH;-1451 to reach 1% decomposition at the various temperatures
represents measured decompositlion rates of a freshly prepared sample
and for that reason does not take Iinto consideration the "aging"
phenomenon.

(C) The same eight lots of magnesium-doped hydride under sur-
velllance at 40°C. as llsted in Table XXV are also being stored for
long-term surveillance. In addition, four of the above lots of
magnesium-doped hydride are belng stored in a modified Talianl ap-
paratus at amblent temperature to continuousiy moniltor thelr decom-
positlion rates. The avallable data from these samples are presented
in Table XXVIII. The samples range 1n magnesium concentration from
0.48% to 0.81%. Sample 01216 was lost after 120 days due to equip-
ment fallure. The average deccmposition rate obtalned is plotted
in Figure 38. It 1is obvious that an acceleration of decomposition
is belng observed with increasing time, although the total decom-
positions of the hydride 1is only 0.1% in 2C0 days. A laboratory
sample of normal macrocrystalline in situ DPA-treated sample was
also placed on test. Its rate of decomposition is presently
greater than that observed from the magnesium-doped lots, although
1ts rate of decomposition appears to be decreasing. A total of
0.069% decompocsition was observed after 120 days.

Table XXVIIT

(C) Decomposition Rate of Magnesium-Doped Aluminum
Hydride-1451 Stored at Ambient Tempera“ure

% Decomposition
Sample Storage Time, days
Number 5 Mg 30 50 30 120 150 180 210

01206 0.60 0.012 0.015 0.0%3 0.045 0.066 0.088 0.119
01216 0.67 0.010 0.017 0.022 0.035 - - -—-

01286 0.48 0.009 0.012 0.028 0.037 0.058 0.082 0.125
01316 0.81 0.012 0.012 0.033 0.040 0.056 0.080 0.095%

Average % 0.011 0.01% 0.029 0.039 0.060 0.083% 0.113

9367 -134 0.03% 0.046 0.064 0.069
(Normal Macro-
crystalline
+ DPA)
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E. COMPATIBILITY AND FORMULATABILITY STUDIES (U)

(C) Samples of various types of aluminum hydride, including
macrocrystalline, surface hydrolyzed, magnesium-doped, and in situ
DPA-treated magnesium-doped AlH3-1451 have been evaluated at 25°C.
and 40°C. in double base and composite propellant. Similar studles
have been made at 60°C. with the addition of "aged" magnesium-doped
AlH3-1451, The effect of adding water and DPA tc the propellant
mix has also been examined.

(U) The decomposition rate of samples was determined by mea-
suring the gas evolved from propellant samples containing 0.25 g.
of hydride in a modified Talianl sn»paratus.

1. Double Base Propellant (U)

(C) The studies on the behavior of AlH3-1451 in double base
propellant have utilized both the ABL and Lockheed formulations as
shown 1n Table XXIX; differing mainly in the nitroplasticizers used.

Table XXIX

(U) Double Base Propellant Formulations

Composition, wt. %

Ingredient ABL Lockheed
IMH-1 25.0 20.80
AP ’ 26.0 30.69
PCNC 12.0 12.86
TEGDN §y 13.02
BDNPA 4.4 -—
2-NDPA 1.0 -—-
Resorcinol 1.0 0.50
TMETN = 21.63
Ethyl

Centralite - 0.50
NG 26.2 ~—-

(U) Only the ABL double base formulation was used the first
half of 1966, while both formulations were used during the second
half of the year.

a. Storage at 25°Cc. (U)

(U) The gas generation rates of propellant samples under sur-
velllance at 25°C. were monitored. Three of these samples were
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placed under survelllance in 1965 and three during 1966, A summary
of the results from these tests 13 given in Table XXX. The date
study was Initiated, days on test, and percent decomposition, are
given for each sample as of December 23, 1966,

Table XOX

(U) ABL Double Base Propellant Samples on 25°C. Survelllance Test

Date on Status as of 12-23-66
Test Sample Composition Days Elapsed % Decomposition

8-4-65 Aluminum (Reference) 275 0 /
8-4-65 AlHs-Lot 02055 508 0.33
10-13-65 AlH3-Lot 02055, surface

hydroiyzed 423 0.33
5-20-66 AlHa-Lot QX-020, Mg-

doped 217 0.088
6-6-66 AlHs- Sample 8262-145,

Mg-doped, 1n situ

DPA-treated 1380 0.090

6-7-66 AlHs- Sample 9367-62, :
Mg-doped, in situ -
DPL -treanted 155 0.086

(U) The 25°C. surveillance samples continue to decompose very
Slowly. The decomposlition curves of these samples are shown in
Figure 39. The standard macrocrystalline AlHz-1451 (Lot 02055)
has now been on test 1in double base propellant for more than one
year. It reached 0.33% decomposition in 508 days at 25°C. 1Its
decomposition rate increased over approximately 100 days before
decreasing (Figure 39). However, since t-e first 250 days the
decomposition rate has remained constant at 0.11% per year. The
surface hydrolyzed sample has followed a similar pattern.

(C) The three samples of improved Alds-1451 (Lot QX-020 Mg-
doped, Sample 8262-145 Mg-doped, in situ DPA-treated and Sample
9367 -62 Mg-doped in situ DPA-treat=d) which were placed on test
in double hase propellant during the second quarter of this year
show a marked improvement In thermal stabllity over standard AlHs-
1451, The magnesium-doped, in situ DPAi-treated hydride shows a
decomposition rate of 0.09% compared to 0.22% for the standard
AlHa-1451 after 200 days.

b. Storage at 40°Cc. (U)

(C) Six propellant samples are under surveillance at 40°C. A
surface hydrolyzed sample which reached 1% decomposition in 264
days was discontinued as well as a magnesium-doped, "aged" AlHj-
1451 sample which showed erratic results. A 1ist of the samples re-
maining on test at 40°C. 1s given in Table XXXI.
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Taktle XXXI

(U) Propellant Samples on 40°C. Surveillance Test

Date - Status as of 9-19-66
on Test Sample Composition Days rlapsed % Decomposition
9-8-65 AlHs - Lot 020552 471 0.69
4-14-66 AlHa - Lot QX-020, Mg-

doped? 254 0.57

6-8-66 AlHs - Sample 9367-£2, Mg-
doped, ég situ DPA-
treated

6-7-66 AlH3 - Sample 93(7-62, Mg-
doped, in situ DPA-
treated® 199 0.27

6-6-66 AlHs - Sample 8262-145,

Mg-doped, in situ DPA-
treated? - 201 0.45

9-8-65 Aluminum (reference)? 470 Neg.

163 0.26

ABL double base y;uyc;l

~ h
Thiokol composite propellant formulatlion given in Sectlon E.2.

£ v 1 s 4- 4 I 4 42 !
nt formulation glven in Section E

o

(C) T™he benefit obtained from magnesium-doped, in situ DPA-
treated, AlH3-1451 compared to standard AlHs-1451 is depicted in
Figure 40. Ar approximate twofold improvement in stability is
observed.

(C) The behavior of surface hydrolyzed AlHs-1451 in double
base propellant 1s of conslderable interest, as most commercially
avallable material possecsses this type of surface to some degree.
The surface hydrolyzed sample shown in Figure 40 maintained a con-
stant rate of decomposlticn throughout the test perilod, reaching
1% decomposition in 264 days, corresponding to a decomposition rate
of 1.38% per year. No decrease in decomposition rate occurred with
the svrface hydrolyzed sample, indicating the stabillzing effect
of the double base propellant was ineffective at 40°C.

(C) Two of the samples which were on test at 40°C. in double
base propellant have exhibited erratic behavior. These samples
are (1) magnesium-doped in situ DPA-treated (8262-145), and (11)
magnesium-doped Lot QX-020) AlH3-1451. Both of these samples
previously exhiblted remarkable stabilities at 60°C. and are
showing excellent stability at 25° . The cause of the erratic
behavior at 40°C. is nct known at this time.

Sl
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0.90 ]
40°C.
0.80 7
(% DECOMPOSITION /’1% AT 264 DAYS
0.70 i
0.60
LOT 02055
SURFACE
HYDROLYZED
050
LOT 02055=—
0.69 % AT 371 DAYS
040 .
|
0.30 SAMPLE 9367-62 Mg-DOPED
' IN SITU DPA TREATED (Compasite)
0.20 SAMPLE 9367-62 Mg-DOPED
' | IN SITUDPA TREATED
(Double Base)
0.10
TIME,days
0 I g
0 40 80 120 160 200 240 280

(c)

Filg. 40 - Decomrosition Rate of Different Wypes
of Aluminum Hydride-1451 Propellant at 40°C.
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c._ Stabllization of the Hydride by Double Base at 25°C, and 40°C. (C)

(C) Both the decreased decomposition rate of aluminum hydride
and the poorer performance of the surface hydrolyzed aluminum
hydride-1451 in double base propellant as otserved from the 25°C.
and 40°C. surveillance data, may be explained by a proposed double
base stabllization theory. It 1s postulated that the decomposition
products of the double base propellant matrix, primarily nitric
oxicde (NO), under certain conditions, act as an effective stabllizer
for aluminum hydridz. The generation of NO and the resultant sta-
billizatlon of the AlEa-1451 do rot occur immediately, but take
place uvver a period of time as shown bty a slowly decreasing decom-
position rate until a maximum statiiization effect occurs. The
data also suggest that hydrolysis o oxlidation of the surface of
the AlH3-1451 crystals produces a barrier to the stabilizing agent,
NO, preventing effective stabilizaticn.

(C) Data, presented in Table XXYIT, show consisteantly less NO
evolved from the AlH3-1451 samples than from the reference samples
containing aluminum, The 3amples were storea under an argon atmo-
sphere from October . Q85 ts March 21, 1966 tefore the gases
evolved were analyzed by masc spectroscory. These data indicate
elther the AlHa-1451 is reacting with NO forming some compound,
probably on the surface of the AlH3-1451, or less likely, the AlHa-
1451 1is inhibiting the formation of the NO. No consistent trend
was observed for the formation of NzO. Unfortunately, the extremely
low concentrations of the inidividual gas speciles limit the accuracy
of the data, and the results presented in Table XXXII must be inter-
preted with caution.

Tablie XXXII

(2) Gases Genera*ted from Tou:le Base Propellant Samples at 40°C.

&. mcies 5
2., prepellant x 10

Aluminum Aluminum Lot 72055H2 Lot 02055

Amount of Gas,

Gases Generated Sample la Sarnle La 1451 1451
Ho 1.24 1.28 68.50 21.10
Ha0 1.13 2.71 2.59 2.68
co 0.37 0.52 0.64 0.81
Nz Nil C.93 0.58 0.94
NO 0.66 c.u8 Gl ®.36
Mass 43P 0.05 0.17 .11 0.0l
N20 1.c8 0.51 0.86 0.15
Mass 45° 0.33 0.07 0.11 0.38

3Indicates surface hyarolyzed.
bInsufficient quantities of these fragments prevent ildentification.
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(c) Contrary to some reported data (1l1), a considerable amount
of experimental data as summarized telow, supports the conclusion
that double base propellant stabllizes AlHs-1451.

(1) AlH3-1451 1s consistently more stablie 1in the
presence of double base propellants than when
neat (usually by a factor of two).

(11) AlH3-1451 recovered from "aged" Jcuble Lase
propellant showed the presence of a surface
coating on the crystals which conlalned
nitrogen and oxygen (1).

(111) Nitric oxide (NO) is a decomposition product
from ingredlents present in the double base
system as determined by off-ges analysis,

(1iv) Early laboratory work has independently
demonstrated the stabilizing effect of NO
on AlHa-1451 (3)

(v) Recent analysis of the gases generated by
double base samples has shown 1ess NO evolved
from those samples containing AlHsz-1451 than
those containing aluminum (see Table XXXII).

(vi) Neat surface hydrolyzed AlHa-1451 shows im-
provement in stabllity over standard AlHa-
1451 but when formulated in double base pro-
pellants is less stable than the standard
(Figures 39 and 40),

d. Storage at 60°C. (U)

(C) Twenty-two double base propellant samples studied ror
compatibility and formulatability at 60°C. are listed in Table
XXXIII. The results from these samples provide an evaluation of:
(1) magnesium-doped, (1i) "aged", magnesium-doped, (111) magnesium-
doped, in situ DPA-treated, and surface¢ hydrolyzed AlH3-1451. 1In
addition, the effect of adding water and DPA to the propellant mix
was examined. Three reference samples of propellant containing
aluminum and four samples containing AlHa-1451 (both double base
and composite) remain on test.

(C) Most of the propellant studies at 60°C. have been con-
ducted with the ABL formulation. Recent evaluation of two
selected AlH3-1451 samples in the Lockheed formulation (Lot QX-
020, magnesium-doped and Sample 9357 -62, magnesium-doped, in situ
DPA-treated) show very close agreement with the results previously
obtained in the ABL formulation.

(C) Table XXXIV shows the decomposition rate of seven propel-
lant samples at 60°C. using the ABL double base fcormulation. Six
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of these contained magnesium-doped AlHs;-1451 while the other con-
talns aluminum as a reference. It has shown no significant gassing
in 103 days at 60°C. Figure 41 illustrates the remarkable stabili-
ties displayed by three of these samples. Magnesium-doped "aged",
and magnesiur-doped, in situ DPA-treated samp.es of AlH3-1451 con-
tlnue to show nearly a tenfold Iimprovement over standard AlHa-1451.

Table XXXIII

(U) Identification of Double Base Propellant Samples
on b0°C. Ta.lanl Test :

Double Base
Number Formulation Fuel Type _
1 ABL Sample 8262-145; Mg-doped, In situ DPA-treated
22 ABL Sample 5853-142; Mg-doped, "aged".
3 ABL Sample 9367-61; Mg-doped, in situ, DPA-treated
it ABL Sample 9367-62; Mg-doped, in situ, DPA-treated
5 ABL Sample 0h126; Mg-doped
6 ABL Sample 9026-22; "aged", Mg-doped
6 ABL Sample 9569-16A; fresh
8 ABL Sample 9569-16B; surface hydrolyzed, 0.31%
9 ABL Sample 9569-16C; surface hydrolyzed, 0.41%
10 Lockheed Texas P. P. Lot QX-020; Mg-doped
3 lslet Lockheed Aluminum (reference).
i ABL Aluminum (reference)
13 Lockheed Sample 9367-62; Mg-doped, in situ DPA-treated
14 Lockheed Iot 02055 Standard
15 ABL Texas P. P. Lot 05106; Mg-doped
16 ABL Texas P. P. ot 05066; Mg-doped
17 ABL Texas P. P. Lot 05196; Mg-doped
18 ABL Texas P. P. Lot 05136; Mg-doped
19 ABL Lot 02055 Standard, +1% DPA
20 ABL Lot 02055 Standard
212 ABL Lot 02055 + 0.25% Ha0
228 ABL Lot 02055 + 0.50% Hz0
dRemain on test as of December 23, 1966.
‘ =32
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Table XXXIV

(C) Accelerated Testing of ABL Double Base Propellant
Containing Aluminum Hydride-1451 at B0°C.

Days to Reach

Type of AlHs-1451 Fuel 1% Decomposition
Sample 8262-145; Mg-doped, In situ DPA-treated 170
Sample 5853-142; Mg-doped, "aged"® 0.74 after 243
days
Sample Q367-61; Mg-doped, in situ DPA-treated 70
Sample 9367-62; Mg-doped, in situ DPA-treated 225
Sample 04126, Mg-doped 23
Sample 9026-22; "aged", Mg-doped, DPA-treated 18

Aluminum referencea -

8Remain on test as of December 23, 1966.

(C) Data obtained from magnesium-doped, pilot plant AlHa-1451
samples in double base propellant at 60°C. are shown in Figure 42.
Considerable varlation from lot to 1lct has been observed. However,
all magnesium-doped samples were equal or better than standard
AlHa-1451. Four of the six magnesium-doped samples reguired 16
days or more to reach 1% decomposition compared to 8 days for the
standard hydride, representing a twofold improvement.

e. Effect of Surface Hydrolysis (U)

(C) The effect of surface hydrolysis and water on the stabllity
of AlH3-1451 in propellant 1s not clearly understood. An inltial
experiment was conducted to more accurately define the effect of
surface hydrolysils, but failed to give rellable results when Tallani
equipment problems developed. The experiment was repeated with two
portions of a different sample hydrolyzed 0.3% and 0.41%. These
data are presented in Figure 43.

(C) The surface hydrolyzed hydride shows a significant amount
of initial gassing followed by approximately a twofold stabiliza-
tion of the hydride as compared to fresh surface hydride 1n the
3ame double tase propellant formulation. These results disagree
with the observed poorer performance of surface-hydrolyzed mate-
rial at 25°C. and 40°C. shown in Figures 39 and 40.

f. Effect of Direct Addition of DPA to Double Base Propellant (C)

(C) Figure U4 shows the effect of adding 1% DPA to the propel-
lant mix. It indicated no initlal effect, but did retard the
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accelerated decomposition of the AlHa-1451 after the first five
days. The application of the DPA c¢n the surface before drying the
hydrice appears to be necessary iIf 1t 1s to be beneficial in double
base propellant.

g. Effect of Direct Addition of Water to Double Base Propellant (U)

(C) Ccarefully controlled amounts of water added to the propel-
lant mix appear to have a very significant stabilizing effect on
the double base propellant. Figure 45 shows the stabllity obtained
by adding 0.25% and 0.50% water directly to the AlH3-1451 double
base propellant mix. This small addition of water resulted in an
unexpected twentyfold improvement in stability over the same formula-
tion containing no water. In addition, no significant initial
gassing was encountered. Further work should be conducted to
define the actual mechanism of this phenomenon.

2. Composite Samples Containing Aluminum Hydride-1451 (C)

(U) The Thiokol formulation was used in all composite propel-
lant samples evaluated at 60°C. during 1966. This formulation is
given in Table XXXV.

(U) Shiskol Cempsislite Pripeilant o fmulaticn

Ingredient Composition, wt. %
IMH-1 25.0
AP 49,5
TMETN 14 .0
ZL-437 10.11
HX-874 .29

(U) The nine composite samples listed in Table XXXVI were
studied for compatibility and formulatability. Of these only the
aluminum standard remains under surveillance.

(C) Figure 46 shows the decomposition of standard and magnesium-
doped AlH3-1451 both neat and 1in composite propellant; the magnesium-
doped sample exhibits more than a twofold improvement over the
standard AlHz-1451.

(C) Figure 47 shows the results obtained with six pilot plant
lots of magneslum-doped AlH;-1451 in composite propellant compared
to the standard (Lot 02055). These results are very similar to
those shown in Figure 42 for double base propellant. Excellent
gtabilitles were observed with all magnesium-doped samples which
exhiblted better than a twofold improvement over standard AlHs-1451.
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(C) A magnesium-doped, in situ DPA-treated AlH5-1451 continued
to demonstrate remarkable stabllity as shown in Figure 48, The
sample decomposed only 0.84% after 91 days at 60°C. However, due
to equipment problems, the test had to be terminated. The sample
demonstrated approximately a tenfold improvement in stability over
standard AlHs-1451.

F. MISCELLANEQUS PROPELLANT STUDIES (U)

(C) The recent improvement in the stabllity of AlHs-1451 has
reduced many of the problems preventing the use of this fuel as a
high energy rocket propellant ingredilent for controlled environ-
mental missile applications. The actual rate of decomposition
which might be tolerated In a solid rocket motor could be limited
by the internal structural failures in the grain resulting from
points of high gas pressure. This problem exists for any propel-
lant 1ngredient which 1s capable of decomposing and generating

asi Lockheed Propulsion Company 18 currently studying thils area
12).

(C) The specific problem created by AlH3-1451 is related to
the thermal stabllity of the compound. Recent advances which have
resulted in very stable AlHs-1451 should drastically reduce the
quantities and rate of gas generation in propellant formulations.

(C) The magnitude of the problem of grain failure caused by
gas generatlion in the grain 1is not known. The diffusivity through
the propellant of the gas generated has a very large effect on the
amount of gas generatlion which can be tolerated. Hydrogen readlly
diffuses through most substrates,

(C) A Dow technique for determining permeabilities of various
Substrates, primarily plastlics, was used to provide some insight
into the rate of diffusion of Hz through propellant containing
AlH3-1451. The procedure involved placing a propellant sample
between an atmosphere of hydrogen and an atmosphere of tritium,
and measuring the rate of transfer of the radiocactive tritium
with a standard detecting device (Figure 49). This single experi-
ment gave a value of the diffusivity of Hz through double base
propellant of D = 3.85 x 10™* cm.®/hr. at 25°C. and one atmosphere.
It should be emphasized that only one experiment was carried out
to determine the feasibility of obtaining the desired results by
thils technique. The calculated diffusivity does not consider the
possible exchange with other hydrogen containing compounds 1n the
propellant grain and for that reason the value 1s onlyv very pre-
liminary and additlonal work would be required to resolve this
questlion. The fundamental equipment used in this determination
1s shown in Figure 49,
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SECTION IV
(U) CONCLUSIONS AND RECOMMENDATTONS

A. CONCLUSIONS (U)

(C) Based ori the results of thils report period, the following
recommendations are made:

(1)

(11)

(111)

(1v)

(v1)

The best technique for incorporating magnesium into
the AlH3-1451 crystal 1s the addition of an ether
solution of LiMg(AlHs)s to the aluminum hydride feed
solution.

The 1incorporation of magnesium into the continuous
process AlH;-1U451 does not result in the same degree
of 1improvement 1n stabllity as obtalned by the batch
process. The reason for tals difference 1s not
known, but 1t 1s belleved to be assoclated with the
manner in which magnesium 1s incorporated into fthe
crystal faces of the hydride.

Teflon FEP was shown to be a superior material of
congtruction for an aluminum hydride crystallizer
liner; in laboratory runs no adheslon or decomposition
occurred. A similar improvement was not realized

with a §-gallon crystallizer; product adhered co the
walls of this unit, but eventually broxke away in
sheets of AlHa-1451. This difference between the
laboratory unit and the larger crystallizer 1is be-
lieved to be due to design changes which were neces-
sary for fabricating the unit from stock FEP iltems,

None of the materials of construction which have
been evaluated 1s entirely acceptable; perfluoro-
hydrocarbons appear to have the best potential.

Laboratory experiments with Teflon TFE and pyrex

glass indicate that product adhesion during AlHa,

crystallization 1s more serious with higher inner
wall temperatures. Adhesion may be considerably

decreased or eliminated by maintalining lower wall
temperatures and heating the solvent by internal

means.

The aluminum hydride crystalline phase obtained at
nucleation 1s a direct function of specific nuclea-
tion conditions, such as aluminum hydride concentra-
tion, ether concentration (temperature) and lithium
aluminum hydride concentration.
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In the present art of AlHa crystallization, the
ratio of nucleation rate to crystal growth rate
1s low, resulting in limited crystal surface
area during the growth stage and, consequently,
poor crystallinity.

Preliminary laboratory work has demonstrated the
concept of a contiruous external nucleator system
to supply nuclei of AlH3-1451 to a crystallizer
unit.

The most significant parameters in the AlH;-1451
crystallization process are agltation, crystal re-
tention time, feed rate, and additive hydride con-
centrations; ether concentration (temperature) is
important during nucleation.

The product rate of the tubular design AlH3-1451
crystallizer can exceed 0.06 moles/liter/hour
(0.015 1b./gal./hr.).

Decompositlon is primarily related to the presence
of impurities which also affect nucleation and
growth.

Post treatment of AlHs-1451 with DPA or water im-
proves the thermal stability. Treatment tech-
niques used to apply these agents are important.

The stoichiometric equivalence point of the reac-
tion between aluminum chloride and lithium alu-
minum hydride can be routinely determined by
flame photometry.

Incorporation of magnesium per se 1s not suf-
ficient to guarantee stabllizatlon of AlHs-
1451. The process parameter(s) which controls
the effectiveness of magnesium stabllization of
Al1H3-1451 has not been found.

The density of magneslium-doped hydride decreases
as magneslium concentration increases. The re-
sulting structure is a substitutional solid solu-
tion, the magnesium substituting at random for
aluminum atoms 1n the lattice.

The optimum stability of Al1H3-1451 by DPA is ob-
talned by in situ treatment in a wash solution
contailning 2-5 g. of DPA/250 ml. of benzene. An
evaporation technique, whereby a known amount of
an ether solution of DPA 1s dried on the product,
i3 more eftective for material made by the con-
tinuous process,
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DPA probably forms a weak adduct with AlHs-1451
through the triple bond. This inhibits the excessilve
build-up of electron density at any one point in the
AlHa-1451 crystal.

DPA 1s a better stabilizing agent for AlH;-1451 than
a number of other acetylenic derivatives and com-
pounds containing one or more phenyl groups.

Large improvements in stability result when AlHs-
1451 1s stored at -15°C.; several "aged" lots re-
quired nearly 100 days before reaching 1% decomposi-
tion at 60°C.

The initial gas from "aged' samples contains large
amounts of water vapor, which may play a major role
in the "aging" process. It may be possible to re-
produce the same stablilizing effect 1in much shorter
perliods of time by molsture and heat treatment.

Aluminum hydride-1451 is stabilized 1n the double
base propellant formulation. Thls 1s probably due
to a reaction between the hydride and nitr;c oxlde.

Magnesium-doped, "aged", and magnesium-doped, 1in
sltu DPA treated AlHz-1451 show remarkable stability
in double base propellant. The goal of less than

1% decomposition in cne year at 60°C. 1s being
reached by magnesium-doped, "aged" AlHa-1451 in
double base propellant.

The effect of water 1s not clearly understocd. The
process by which it 1s added to the AlH;-1451 seems
to determine whether 1t 1s benefilclal or detrimental
to stabllity. Partial hydrolysis of the hydride
prior to 1its use in propellant has not consistently
resulted 1n a significant !ncrease in stabllity.
Recent work, however, with propellant formulations
which contailn carefully controlled quantities of
water added to the mix indicate a many-fold improve-
ment 1n stabllity can be achieved.

B. RECOMMENDATIONS (U)

(C) Based on analysis of results of thils report period the
following recommendations are made:

(1)

Studles to determine the effect of crystallizer wall
temperature on adhesion should be continued. Con-
currently, the most promising fluorocarbon liners
should be investigated as possible materials of con-
struction.
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Reasons why the stabllity of laboratory samples
of AlH3-1451 made by the continucus process are
not enhanced by the incorporatlon of magnesium
should be determined,

Reasons why hydride prepared by different pro-
cesses regsponds differently to surface treat-
ments should be further investigated. .

An external nucleator system should be developed
to provide:

a. Better crystals.
b. Shorter start-up times.

c. Decreased product adhesion and
agglomeration.

d. Paster feed rates and increased
production.

Techniques to eliminate small amounts of initial
gassing 1In stabilized aluminum hydride should be
developed. '

Determine change, if any, In stablilzation derived

from various treatments with reduction of storage
temperature from 60°C. to 25°C.
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SECTION VI

(U) GLOSSARY

AP Ammonium perchlorate

BDNPA bis(2,2-Dinitropropyl)acetal

DPA Diphenylacetylene

HX-874 Trifunctional aziridine

2-NDPA 2-Nitrodiphenylamine

IMH-1 Aluminum hydride

NG Nitroglycerine

PGNC Plastlsol grade nitrocellulose

TEGDN Triethylene glycol dinitrate

TMETN Trimethylolethane trinitrate

ZL-437 A polyester resin

FEP Teflon Polyperfluoroethylenepropylene copolymer
> TFE Teflon Polytetrafluoroethylene
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